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CHAPTER I

INTRODUCTION AND REVIEW OF THE LITERATURE

Lathyrism
Two diseases called lathyrism are associated with the consump
tion of peas of the genus Lathyrus.

Some Lathyrus species cause

neurolathyrism (1), a human disorder which consists of symptoms
related to the nervous system.

Abnormalities of the supporting

tissues of mesodermal origin, especially the skeleton, are experimental
ly produced in various animals given certain other varieties of
Lathyrus peas. Consequently, the experimental disease has been called
osteolathyrism (1).
The human disease, neurolathyrism, has occurred very rarely in
the modern era but has been known to man since ancient times.

Accord

ing to Selye (1), Singh and Singh (2) and Denny-Brown (3), who have
reviewed the literature on the disease, outbreaks were reported in
the ancient Hindu literature and by Hippocrates.

Epidemics have

occurred in parts of India and areas surrounding the Mediterranean
Sea during periods of famine when large quantities of Lathyrus peas
were consumed.

The disease is caused mainly by three Lathyrus

species, L. sativus. L. cicera and L. clymenum

(4,5).

Clinically,

it is characterized by an acute onset of weakness followed by
hyperreflexia and a spastic paralysis of the lower extremities.
Sclerosis of the motor tracts in the thoracic and lumbar regions of

1

2

the spinal cord appears to be the basic lesion in neurolathyrism, but
details of the pathology have never been described (2,3).
Many animals respond in some way to the ingestion of the peas
which cause neurolathyrism (5,6) but it has not been possible to
reproduce the human syndrome in laboratory animals.

Diets containing

L. sativus, L. cicera and L. clymenum have no toxic effect on the rat
(7).

L. sylvestris Wagneri and L. latifolius cause a severe nervous

reaction in the white rat and mouse (7,8,9) but the reaction is not
similar to the human disease and these Lathyrus species have not been
implicated in the etiology of neurolathyrism in man.

Ressler, Redstone

and Erenberg (10) identified the neurotoxin in L. sylvestris Wagneri
and L. latifolius as L-alpha, gamma-diaminobutyric acid.

Ressler (11)

found another toxic substance, beta-cyano-l-alanine, in Vicia sativa
and Vicia augustifolia, legumes related to Lathyrus peas.

Both the

diaminobutyric acid and beta-cyanoalanine cause a severe nervous syndrome
in rats.

Bell (12,13) has found the diaminobutyric acid in many Lathyrus

species but reported that it is not present in the species which cause
human neurolathyrism.

A causative agent has not yet been isolated from

the Lathyrus peas which cause the human disease.

Bis-beta-cyanoethyl-

amine, also named beta, beta-imino-dipropionitrile (IDPN), causes a
nervous disorder in rats (14,15), referred to by Selye (1) as the "ECCsyndrome1' (excitement, with choreiform and circling movements).

Hart

mann, Lalich and Akert (16) demonstrated marked degeneration of spinal
cord anterior horn cells in rats after administration of IDPN but their
findings have not been related to neurolathyrism.
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Experimental lathyrism, or osteolathyrism, was first described
in 1933 by Geiger, Steenbock and Parsons (17).

They reported that

rats fed a diet containing 25 percent or more Lathyrus odoratus meal
developed abnormalities of the skeleton, lameness and hernias.

In

addition to L. odoratus, it has been found that L. pusillus (18), L.
tingitanus and L. hirsutus (7) also cause osteolathyrism.

The dis

order has also been produced in several other experimental animals
including mice, guinea pigs, rabbits, pigs, dogs, chicks and turkey
poults.
The toxic substance in L. odoratus
(17,19).

was found to be water soluble

It was identified in 1954 when Dupuy and Lee (20) isolated

an active crystalline material from L. pusillus and McKay ejt al. (21)
and Dasler (22) isolated a similar substance from L. odoratus.

Schilling

and Strong (23) identified the toxin as beta-(N-gamma-L-glutamyl)aminopropionitrile.

Dasler (22) and Wawzonek et aj.. (14) found the

active portion of the molecule to be beta-aminopropionitrile (BAPN).
Osteolathyrism is now usually induced with synthetic BAPN or one of
several related compounds which cause similar connective tissue abnor
malities.

These compounds include aminoacetonitrile (AAN) (14), methylene-

aminoacetonitrile (MAAN) (24), semicarbazide (25) and beta-mercaptoethylamine (26,27).
As pointed out above, osteolathyrism is a disease of the connective
and supporting tissues characterized by skeletal deformities.

Geiger,

Steenbock and Parsons (17) found that rats maintained on an extended diet
of Lathyrus odoratus, the flowering sweet pea, developed kyphosis,
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scoliosis, sternal and costal deformities, osteoporosis and malforma
tion of the long bones, including increased shaft diameter and exostoses
at points of muscle attachment.

Robinson and Bast (28) verified these

findings and reported that the primary malformations of the long bones
were the exostoses, which developed as a result of a rapid proliferation
of the osteogenic layer of the periosteum.

Ponseti and Shepard (29)

demonstrated that a disorganiEation of the epiphyseal plates was the
basis of many of the skeletal deformities, confirmed the observation
by Ponseti and Baird (30) that dissecting aneurysms of the aorta common
ly accompanied the skeletal lesions in young rats, and suggested that L-.
odoratus affected mesodermal tissues in general.

They also pointed out

that the lesions closely resembled those seen in certain human skeletal
diseases.
Studies of the morphological changes which occur in osteolathyrism
have been undertaken by many investigators.

These investigations have

been concerned mainly with the lesions occurring at the three sites
just mentioned; the dissecting aneurysms of the aorta, exostoses of the
long bones and abnormalities of the epiphyseal plates.
Dissecting aortic aneurysms in rats fed Lathyrus odoratus meal were
first noted by Ponseti and Baird (30) and described in more detail by
Ponseti and Shepard (29).

They found that the aortic lesions could be

produced only in young animals.

No aneurysms developed when the lathyro-

genic diet was started after fifty-one days of age. The authors also
found that dissecting aneurysms occurred only in the ascending aorta,
arch of the aorta or upper thoracic aorta.

The lesion started with a
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weakening of the tunica media.

The intima then ruptured at the weak

ened sites and blood penetrated between degenerated areas of the media.
Necrosis of the smooth muscle cells was noted but the elastic fibers
appeared normal.

However, many authors have subsequently reported that

the aneurysms are a result of a degeneration and retarded synthesis of
elastic fibers (31,32,33,34,35,36) although Menzies and Mills (37) found
that the elastic fibers persisted until after the aneurysms had already
formed.

Dissecting aneurysms and elastic fiber destruction have also

been observed in the abdominal aorta and major arteries other than the
aorta in young lathyric rats (33,34), and Walker (34) reported that
failure of the formation of elastin was demonstrable in a variety of
connective tissues.

Aortic lesions have also been produced in young mice

(38), chick embryos (39) and turkey poults (40,41).
Robinson and Bast (28) first described the histology of the
exostoses which developed on the long bones of rats fed Lathyrus odoratus
meal for four, seven and thirteen weeks.

The most prominent exostoses

were found to occur on the proximal portion of the femur in the regions
of the trochanters and other points of muscle and tendon attachments.
The exostoses closely resembled callus formation at sites of bone frac ture, appearing as rapidly growing, tumor-like masses resulting from a
proliferation of osteogenic tissue under the periosteum and a formation
of bone spicules next to the old bone.

Ponseti and Shepard (29) also

described periosteal new bone formation at the muscle insertions on the
trochanters of rats fed Lathyrus peas for two weeks.
Yeager and Hamre (42) studied the initial processes taking place
during exostosis formation in adult lathyric rats.

They found that the
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earliest and most rapidly developing exostosis was located at the common
insertion of the adductor longus and pectineus muscles.

The exostosis

was formed by the tissues of the inner layer of the segment of the peri
osteum serving for the attachment to these muscles.

They also observed

that exostosis formation can be divided into two periods, an initial
proliferative period followed by an osteogenic period.

The proliferative

period, which began on the first day and extended through the sixth or
seventh day of feeding of the lathyrogenic diet, was characterized by a
proliferation of the periosteal cells, forming a mass of very cellular
fibrous connective tissue.

During the osteogenic period, beginning on

the seventh or eighth day of feeding, intramembranous bone formation
occurred in the connective tissue mass next to the old bone.

Tissue

not transformed into bone continued to proliferate and extend the
exostosis.

Yeager and Gubler (43) reported that after the onset of

bone formation three zones could be distinguished in an exostosis deep
to the outer, fibrous, layer of the periosteum.

The outermost zone con

sisted of proliferating periosteal cells with little intercellular mat
erial .

The middle zone, the zone of intercellular material, contained

relatively few cells but did contain large accumulations of fibers and
ground substance.

The deepest zone, the zone of intramembranous bone

formation, consisted of bone spicules, osteoblasts and islands of pre
marrow cells.
Robinson and Bast (28) suggested that exostosis formation at mus
cle insertions may be a response to spastic muscle pull.

Hamre and

Yeager (44,45) found that exostoses did not develop at the insertions
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of the adductor longus and pectineus muscles of lathyric rats if the
muscles were first transected or denervated.

Whether or not these

muscles are spastic in lathyric rats has not been determined but it is
evident that exostosis formation is dependent upon both the lathyrogenic agent and muscle tension.

Ponseti and Shepard (29) reported

that the muscles associated with exostoses had a higher oxygen con
sumption in lathyric rats than in control animals but stated that
their results pointed to an absence of spasticity.

They concluded that

cellular proliferation and new bone formation occurred only after a loss
of cohesion has allowed the periosteum at sites of insertion to be
detached by muscle pull.

Amato and Bombelli (46) also reported that

periosteal detachment, associated with extravasation of blood under
the periosteum, preceded exostosis formation.

Menzies and Mills (37),

and Yeager and Harare (42), however, concluded that exostosis formation
is not secondary to hemorrhage.
hemosiderin in these areas.

Menzies and Mills (37) could find no

They suggested that a change in the ground

substance may be a stimulus to fibroblastic proliferation and new bone
formation.
Ponseti and Shepard (29) were the first to describe changes of
the epiphyseal plates of lathyric animals.

They found that the epiphy

seal plates were widened after rats had been fed a diet containing
Lathyrus odoratus peas for two weeks.

There was an increase in the

number and size of the cartilage cells, which were not arranged in order
ly rows but in disorganized clusters separated by a copious matrix.

From

the third to sixth week on the diet the plates became very disorganized
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and rents occurred between the zone of proliferating cells and the zone
of calcified cartilage.

As a result, epiphyseal slipping occurred

causing severe skeletal deformities of the vertebrae and long bones.
Ramamurti and Taylor (27,47,48) also reported that the epiphyseal plates
of rats given BAPN, semicarbazide or mereaptoethylamine became widened
and disorganized.

The lesions caused by these lathyrogenic agents

differed slightly, however.

The widening and disorganization of the

epiphyseal cartilage of rats given mercaptoethylamine were found to
be due mainly to an increased width of the zone of proliferating
cartilage.

In rats given BAPN or semicarbazide the zone of proliferat

ing cartilage cells became disorganized with a loss of the regular
columnar arrangement while the zone of maturing cells became very wide
and irregular, leading the authors to conclude that the widening and
disorganization of the plates was due to a block to the further mat
uration of these cells.

Karnovsky (49) came to the same conclusion

when he found that the majority of the cells of the widened epiphyseal
plates of rats treated with AAN or MAAN resembled the hypertrophic
cells of the maturing zone of cartilage.
Defective ground substance has been suspected as the basic defect
of the epiphyseal plate, and other, lesions in lathyrism.

Ponseti and

Shepard (29) surmised that the lesions may be due to defective form
ation or excessive destruction of chondroitin sulfate, the main muco
polysaccharide in sites of lathyric changes.

Results of investigations

into this possibility have been conflicting, however.

On the basis of

less metachromatic staining, Pyorala et al. (50) reported that mucopoly
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saccharides are decreased in the epiphyseal plates of lathyric rats and
Belanger (51) found that the lesion involved a depletion of both
neutral and acid mucopolysaccharides in lathyric chicks.

Menzies and

Mills (37), however, reported a steadily increasing accumulation of
metachromatic material in the epiphyseal cartilage of lathyric rats.
Ramamurti and Taylor (47) also reported altered metachromatic staining
in the epiphyseal plates of BAPN-treated rats.

However, they found

areas in the matrix which did not stain metachromatically but were
PAS positive.

The results of Karnovsky and Karnovsky (52) also

showed increased metachromasia in the epiphyseal plates of lathyric
rats but the authors suggested that such results may be deceptive
because lathyrogens may alter some chemical properties of mucopoly
saccharides and change their stainability.

Using hexosamine content

as an indication of the mucopolysaccharide present, they found normal
values.

On the basis of hexosamine content, however, Castellani and

Castellani-Bisi (53) and others (54,55) found a significant decrease
of mucopolysaccharides in the epiphyseal cartilage of lathyric animals.
Radioactive sulfate uptake methods have been used by a number of
workers to study the effect of lathyrogenic compounds on the metabolism
of sulfated acid mucopolysaccharides in the ground substance of
cartilage.

According to Ponseti et al. (24) sulfate metabolism does

not appear to be altered in lathyrism.

The results of Belanger (56)

indicated normal or slightly increased uptake of radioactive sulfate
by lathyric chick cartilage.

Karnovsky and Karnovsky (52) and Shintani
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and Taylor (57,58), however, reported that lathyrogenic agents
decreased radioactive sulfate uptake both Jji vivo and _in vitro.
An alteration in the mucopolysaccharide content of other
tissues has also been noted.

On the basis of increased metachromatic

staining or hexosamine content, several authors have reported an
increase of mucopolysaccharides in the aortas of lathyric rats (35,50,
59) and young mice (38).

An increased uptake of radioactive sulfate

has been found in the bones of lathyric rats (60) and chick embryos
(61), and in healing fractures of lathyric rats (62).

These results

suggest that at least one of the primary effects of lathyrogenic agents
is an interference with the synthesis or metabolism of mucopolysac
charides.

Kennedy and Kennedy (63,64), however, found that the

basic defect in lathyrism does not appear to be an impaired synthesis
of either mucopolysaccharides or protein.

They have suggested that

lathyrogenic agents block the formation of the complex between noncollangenous protein and chondroitin sulfates A and C, resulting in
improper fibrogenesis.
An abnormality of the collagen of lathyric animals has also been
suspected for some time to be the basic defect underlying the connective
tissue deformities (65).
affected in lathyrism.

It is now generally accepted that collagen is
However, the manner in which it is altered is

a controversial point and several methods have been used in an attempt
to determine how collagen of lathyric animals differs from the collagen
of normal animals.
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Following the administration of lathyrogenic agents, a general
breakdown and decrease in the number of mature collagen fibers have been
demonstrated in the aorta (37), epiphyseal cartilage (66), healing skin
wounds (67,68), fracture repair (69) and in the connective tissue
formed in turpentine abscesses (70), croton oil pouches (71) and
subcutaneously implanted sponges (72).

Hurley and Ham (73) concluded

that the synthesis of collagen practically ceases in lathyric animals.
Story and Varasdi (69) reported that lathyrogenic agents cause a delay
in laying down mature collagen fibers.
Using total hydroxyproline content as an index of the amount of
collagen present in lathyric tissues, several authors have found no
change from normal (53,66,74,75,76).
this finding, however.

A few reports conflicted with

Enzinger and Warner (72), for example, found

a marked decrease in the hydroxyproline content of connective tissue
which developed in polyvinyl sponges implanted in lathyric rats.
Decker, Levene and Gross (77), on the contrary, found a significant
increase in the free hydroxyproline concentration of chick embryos
injected with BAPN.
Recent investigations have employed another approach to the study
of collagen changes in lathyrism.

Results of these investigations

suggest that the defect may exist because of an alteration in the state
of the molecular aggregation of the collagen fibril.

Several investi

gators have reported an increase of the cold saline-extractable collagen
from tissues of lathyric chick embryos (76,78,79), guinea pigs (80) and
rats (74,81,82).

Two viewpoints have developed concerning the inter-
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pretation of the increase of the saline-soluble fraction of collagen
in lathyric tissues.
Follis and Tousimis (66) proposed that BAPN prevents the forma
tion of fibrils from normally synthesized tropocollagen, based on the
appearance of fewer fibrils seen in electron micrographs of fragmented
lathyric epiphyseal cartilage.

Kulonen et al. (83) also reported

impaired formation of fibrous collagen, in spite of an abundance of
its precursor.

The results of Smiley, Yeager and Ziff (84) and Smith

and Shuster (85) also suggest that collagen fibrils formed prior to
BAPN treatment are not affected.

Instead, these authors reported that

the source of the increased extractable collagen in lathyric tissues may
be ascribed to impaired fibril formation and a more rapid synthesis and
turnover of collagen, resulting in the accumulation of newly synthesized,
dispersed collagen molecules.
Levene and Gross (76), on the other hand, concluded that the in
creased saline-soluble collagen of lathyric animals consists mainly of
dissolved collagen fibers which were insoluble before BAPN administra
tion.

They also stated that it appeared likely that the extractable

collagen does not occur in the tissues as dispersed molecules but in a
fibrillar form, which disperses and becomes soluble when cooled.

They

further suggest that at least one of the defects induced by lathyrogenic agents was a disruption of the intermolecular cross-links within
the collagen fibril.

A companion study by van den Hooff, Levene and

Gross (86) showed that the collagen fibrils of lathyric tissue before
extraction with saline appeared to be of normal dimensions in electron
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micrographs.

Extraction with cold saline caused a dissolution of the

fibrils and diminished them to fine filaments while the fibrils of
untreated animals did not dissolve.

In a later study, Levene (87)

proposed that lathyrogenic agents increase the solubility of collagen
by binding with carbonyl groups within the collagen molecule and
thereby block intermolecular cross-linking.

Orloff and Gross (88),

however, found that BAPN is not bound to the collagen to any significant
degree and therefore is not a factor in collagen extractability in that
capacity.

They suggested that BAPN alters the structure of collagen

in some manner by a metabolic process so that firm intermolecular
bonding is prevented.
Further studies on the significance of the increase of salinesoluble collagen in lathyrism have been inconclusive.

Gross and co

workers (88,89,90), in a series of publications, have maintained that
the intermolecular bonding of collagen is in some manner altered by
lathyrogenic agents.

Piez et _al. (91) have produced evidence that an

important step in the maturation of collagen is intramolecular crosslinking which makes collagen insoluble in cold neutral saline.

Martin

et al. (92) and Martin, Piez and Lewis (93) have reported that intra
molecular cross-linking is a maturation process which may not occur in
lathyric collagen.

In an attempt to define the process by which BAPN

interferes with collagen fibril formation, Tanzer and Gross (94) have
suggested that all phases of collagen fibril formation are affected.
They stated that lathyrism disturbs collagen maturation by interfering
with intramolecular cross-linking, preventing a progressive decrease in
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solubility of the fibrils, impairing intermolecular cross-linking and
possibly returning some of the older insoluble fibrils to an extractable
state.
The lesions ascribed to impaired collagen formation may be a direct
result of the administration of lathyrogenic agents or they may be of
an indirect, secondary nature.

Levene and Gross (76) demonstrated a

loss of tensile strength of lathyric tissue which appeared to be
correlated with the increase in extractable collagen.

However, the

physical-chemical properties (76,95) and appearance of the fibrils in
electron micrographs (86,96) of collagen from lathyric tissue are re
portedly normal.

It is evident that collagen is altered in some manner

in lathyrism, but whether the effect is on intracellular synthesis or
extracellular polymerization is not known.
There are relatively few references in the literature giving
evidence that the lathyrogenic agents exert their effect by acting
directly on the connective tissue cells.

The possibility that widen

ing and disorganization of the epiphyseal plates of lathyric animals is
the result of a block to further differentiation of the cartilage cells
(47,48,49) has been referred to previously.

Other studies of the

epiphyseal plates have also indicated that the chondrocytes may be
affected.

Shintani and Taylor (57,58), using radioactive sulfate

uptake techniques, concluded that lathyrogenic compounds act
directly on the cells.

They found a decreased uptake of sulfate in

lathyric tissue which was interpreted to be due to an interference with
the ability of the chondrocytes to synthesize chondroitin sulfate.
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Karnovsky (49) reported a marked decrease in the glycogen content of the
cells of lathyric epiphyseal cartilage and an inability of these cells
to synthesize glycogen from glucose-l-phosphate jin vitro.

He also

found that chondrocytes from non-lathyric tissue could not synthesize
glycogen in vitro under anaerobic conditions when AAN was added to the
medium.
A direct effect of lathyrogenic agents on osteoblasts has also
been reported.

Clemmons and Angevine (97) described a series of degen

erative changes in the osteoblasts of young lathyric rats within twentyfour hours after administration of BAPN.

Belanger (51) noted that the

osteoblasts of lathyric chicks decreased in size and number and appeared
to undergo "mineralization" and eventual disintegration.

Engfeldt,

Tegner and Berquist (98), in a study designed to investigate the
immediate effect of lathyrogens, found changes in the osteoblasts in the
metaphyses of dogs within twelve hours after AAN administration.

They

found that these cells were sometimes reduced in number, had abnormal
ly granular cytoplasm and their nuclei exhibited signs of pyknosis.
The effect of lathyrogenic compounds on fibroblasts appears to be
opposite to the degenerative changes of the chondrocytes and osteoblasts
noted above.

Fibroblasts appear to be stimulated in lathyrism.

As

pointed out previously, Yeager and Hamre (42) showed that one of the
initial changes taking place at points of muscle attachment in lathyric
rats is a proliferation of the fibroblasts of the inner layer of the
periosteum.

The actual effect of lathyrogenic agents on the fibroblasts

and other connective tissue cells, and the exact role played by these
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dells in lathyrism, has not been determined.

However, in light of

the reported abnormalities of the elastic fibers, mucopolysaccharides
and collagen in lathyric tissue, a direct effect on the metabolism
of the connective tissue cells which produce the extracellular
materials seems highly probable.
Some reports have indicated that lathyrogenic compounds may
affect cell metabolism by altering the activity of certain enzymes.

Ac

cording to Pedrini and Pedrini-Mille (55), the epiphyseal plate cells
from lathyric rabbits have a reduced ability to enzymaticlly synthe
size hexosamine.

Clemmons and Jackson (99) found AAN to be unstable

and that it consequently liberated small quantities of some substance,
possibly cyanide, which inhibited the activity of cytochrome oxidase
extracted from rat myocardium and connective tissue.

Clemmons (100)

reported that the cytochrome oxidase activity of chick embryos inject
ed with BAPN was much lower than the enzyme activity in untreated
chicks.

Kulhman (101) reported a depression of lactic dehydrogenase,

glucose-6-phosphate dehydrogenase and phosphoglucoisomerase activity in
the epiphyseal plates of rabbits treated with AAN.

The greatest

alterations of enzyme activity occurred in the hypertrophic cells of
the zone of maturing cartilage, the area most disrupted by lathyrogenic
agents.

He found that malic dehydrogenase and alkaline phosphatase

activity were not altered, however.

Succinic dehydrogenase activity

has also been found to be unaffected in various tissues of lathyric rats
(102,103).
Because of the possibility that certain enzyme activities or some
other metabolic processes may be interrupted or impaired in lathyrism,
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several investigations have been carried out to study the possible pro
tective effect of various supplementary substances.

Dasler (104,105)

found that certain protein and amino acid supplements offered partial
protection to animals on a lathyrogenic regime and delayed the onset
of symptoms.

Juva et: al. (106) also reported that protein supplemented

diets slightly decreased the toxic effects of lathyrogenic agents but
that carbohydrate supplements did not.

None of the protein supplements

gave complete or lasting protection, however, and other reports (19,24)
have failed to confirm these findings.
Several hormones have also been reported to have an effect on the
skeletal changes of lathyrism.

Selye and Bois (107) reported that cer

tain corticoids suppressed the development and severity of lesions
produced by AAN.

In another study (108) they found that somatotrophic

hormone aggravated the skeletal lesions in lathyric animals. Ponseti
(109) reported that triiodothyronine, and thyroxine to a lesser extent,
greatly suppressed the skeletal changes caused by low dosages of AAN,
but in another study (110) found that the lesions produced by BAPN were
only slightly influenced by these hormones.

No hormones yet tested have

proven to be significantly protective in the disorder.
Vitamins have been found to offer no protection against lathyrism.
Diets supplemented with prophylactic doses of vitamin A (15), the
vitamin B complex (15,111), vitamin C (7,19,105), vitamin D (112),
vitamin E (24) and pantothenic acid (24,105) have been shown to have no
effect on the toxicity of lathyrogenic agents and the severity of the
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skeletal lesions caused by these agents.

As shall be pointed out in

the following portion of this chapter, however, vitamin A remains
interesting in this respect because certain characteristic lesions of
hypervitaminosis A involve some of the same skeletal areas as does
lathyrism.

Hypervitaminosis A
The administration of greatly excessive amounts of Vitamin A to
experimental animals for a relatively short period of time causes a
severe reaction referred to as toxic.

Symptoms include a loss of

appetite, emaciation, retarded growth, dermatitis, internal hemorrhage,
fatty degeneration of the liver, kidneys and heart, loss of activity,
paralysis of the hind limbs and skeletal responses (113,114,115).

The

skeletal responses, described below, occur very rapidly and are the
most remarkable effect of hypervitaminosis A.
As pointed out by Harris and Moore (116), it has been recognized
for a long time that very large doses of fish liver oil are toxic to
rats when administered for several days.

However, the toxicity noted

in the early studies could not be ascribed directly to vitamin A.
Collazo and Rodriguez (117,118) and Davies and Moore (119) were the
first to definitely implicate vitamin A as the cause of the toxic effects.
They reported that skin changes, inflammation of the eyes, exophthalmos,
spontaneous fractures of the long bones and death occurred in rats given
large quantities of either fish liver oils or concentrated distillates
containing mostly vitamin A.

Strauss (120) reported that crude vitamin A
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concentrates (Vogan) caused degenerative changes of the viscera,
retarded or impaired bone formation and spontaneous fractures.

He

observed marked osteoclasis in the regions of fractures of the long
bones but reported that the retarded bone formation was due to fewer
osteoblasts and found no evidence of a generalized osteoclastic
resorption of bone.

Weslaw

al. (121) confirmed the findings of the

previous reports and found that the effects could be caused by sub
cutaneous and intraperitoneal injections as well as by oral admin
istration of vitamin A concentrates.

Because the fish liver oils

and crude concentrates used by these investigators were inpure pre
parations, however, it was suspected that substances other than
vitamin A caused the lesions.
In 1942, Wolbach and Bessey (122) reported that the effects of
excessive fish liver oil administration observed by the earlier investi
gators could be produced in young rats given massive doses of pure
vitamin A.

They found that profound skeletal lesions occurred in rats

given 30,000 to 40,000 international units (I.U.) of vitamin A daily
for seven days.

The earliest consequences of hypervitaminosis A were

seen in the long bones, and in the vertebrae and sternum to a lesser
degree.

Fractures of the long bones occurred, apparently due to

decalcification, osteoporosis and resorption accompanied by large num
bers of osteoclasts.

Osteoporosis and resorption were most marked in

the regions of the long bones normally undergoing rapid growth and
remodeling.

The sites of fractures were determined by the degree of
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bone resorption.

The early effects of the hypervitaminosis on bone

were reported to be increased numbers of fusiform and osteoblastic
cells in the periosteum, increased osteoclasis near the epiphyseal
ends of bones and other regions where remodelling is normal to growth,
subperiosteal hemorrhages and accelerated cytomorphosis of cartilage
in endochondral bone formation.

Moore and Wang (113) confirmed the

fact that the most characteristic lesions of hypervitaminosis A in
young rats were the fractures of the long bones but observed that
spontaneous fractures did not occur in older animals given excessive
vitamin A.

Later studies have borne out the observation that the

skeletal response is very striking in young animals but that the
fully grown skeleton is apparently not influenced by the administra
tion of excessive amounts of vitamin A (115).
Wolbach (114) presented evidence that hypervitaminosis A causes
an acceleration of the sequences which normally take place in the
growth of bones and stated that the skeletal lesions may be explained
on the basis of accelerated periosteal proliferation, epiphyseal
plate maturation, resorption and remodelling of bone associated with
osteoclasts, and endosteal bone formation.

He reported that the

histology of these processes was normal in hypervitaminotic animals and
only the rate of the growth processes was changed.

Support for his

hypothysis has been provided in further studies by Wolbach and co
workers (123,124,125,126) and Van Metre (127), who have described the
skeletal manifestations of hypervitaminosis A in several animals.
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According to these authors, the skeletal responses to excessive
vitamin A are very similar in rats, mice, guinea pigs and dogs.

The

effect of hypervitaminosis A is limited to the parts of bones under
going growth and remodelling.

In the long bones, the important re

modelling process effected is concerned with a relative reduction of
the cross-sectional diameters and, therefore, involves subperiosteal
resorption of cortical bone by osteoclasis and corresponding dep
osition of new bone by the endosteum.

When excessive vitamin A is

given to an animal the long bones fracture because there is a lag
in the calcification of the newly formed endosteal bone and consequent
ly the bones become weakened at sites of accelerated resorption and
remodelling.

The epiphyseal cartilage of animals given excessive

vitamin A undergoes rapid maturation and increased vascular pene
tration.

Consequently, the epiphyseal plates tend to calcify and

become closed.

The epiphyseal plates of guinea pigs can be made to

close in ten to fifteen days by excessive vitamin A administration.

In

the rat, the acceleration of epiphyseal cytomorphosis also takes place,
causing the epiphyseal plates to become greatly reduced in width.
However, hypervitaminosis A does not result in complete closure of the
epiphyseal plates of the rat.

Furthermore, in rats given very large

doses of vitamin A for a short time the epiphyseal plates may not
become narrowed but the zone of maturation is widened at the expense of
the zone of proliferation (114).
Various dosages of vitamin A have been used to produce hypervita
minosis in rats.

While the minimal daily vitamin A requirement of the
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rat has not been agreed upon, the amounts used to induce hypervitaminosis
have been far in excess of the recommended intake.

As pointed out above,

Wolback and Bessey (122) used 30,000 to 40,000 I.U. of vitamin A per
day.

Moore and Wang (113) produced hypervitaminosis A in rats by

giving them 50,000 I.U. of vitamin A per day for four days and 25,000
I.U. per day thereafter.

Wolback (114), who used 1000 to 1250 I.U. per

gram of body weight per day in short term experiments, found that the
larger the amount of vitamin A administered, the greater is the effect
on the skeleton.

Van Metre (127) also reported that the rate of

appearance and severity of the skeletal lesions are directly propor
tional to the amount of vitamin A given.
The ground substance has been suspected for some time to be the
component of the skeletal tissues to be most severely affected by excess
vitamin A.

On the basis of histological evidence, Wolback and Bessey

(122) reported that the initial disturbance appeared to be in the
organic matrix and Wolbach (114) found that matrix production was in
hibited in the epiphyseal cartilage of hypervitaminotic A animals.
Barnicot (128), however, suggested that the vitamin may influence the
differentiation, multiplication and functional activity of osteoclasts
and osteoblasts or some common precursor of these cells.

This may

explain the accelerated resorption and remodelling of bone, the expla
nation of which is still uncertain, but does not explain the epiph
yseal plate defects.
A number of organ culture experiments have added to the information
concerning the mode of action by which excess vitamin A affects the

23

cartilage.

Fell and Mellanby (129) found that when bone rudiments

from chick and mouse embryos were grown in a medium containing
excessive vitamin A the ground substance lost metachromatic staining
material and finally degenerated while the chondrocytes remained
normal.

Fell, Mellanby and Pelc (130), in an autoradiographic study of

similar material, found that the loss of metachromasia was preceded by
an inability of the cartilage cells to take up sulfate and was also ac
companied by a decrease of the sulfated mucopolysaccharides already
present.

They postulated that in hypervitaminosis A the chondrocytes

may produce an enzyme which results in the formation of a soluble
sulphated mucopolysaccharide instead of normal chondroitin sulfate and
also causes dissolution of the existing matrix.
obtained similar results jin vivo.

Thomas et al. (131)

They found that administration of

excessive vitamin A to rabbits caused a depletion of mucopolysaccharides
of the cartilage, possibly as a result of the activation or increased
production of proteolytic enzymes similar to papain protease.

Thomas

(132) and McCluskey and Thomas (133) had previously shown that papain
protease caused a rapid loss of chondroitin sulfate from the cartilage
of rabbits.

Fell and Thomas (134) found the effects of excessive

vitamin A and papain protease on cultured embryonic bone rudiments to
be very similar.

The addition of either an excess of vitamin A or

papain to the culture medium caused a rapid loss of the metachromatic
material from the cartilage.
In a series of publications on the effect of hypervitaminosis A
in vitro, Dingle, Lucy and Fell (135-140) have tested the hypothysis that
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a proteolytic enzyme may be involved in the degeneration of the ground
substance.

They have concluded that the administration of excessive

vitamin A causes the release of an unidentified proteolytic enzyme
from the lysosomes which causes a degradation of the protein-muco
polysaccharide complex of the matrix, releasing the acid mucopolysac
charides from the tissues.

They have further postulated that vitamin

A alters the permeability of the lipoprotein membranes of the cells
and of the intracellular organelles such as lysosomes.

If this

hypothesis proves to be correct, it would explain the increased
release of the mucopolysaccharides from the cartilage in hypervitaminosis A.
In vivo studies have supported the view that the lesions caused
by excessive vitamin A administration are due to a defect of mucopoly
saccharide metabolism or an alteration of the protein-mucopolysaccharide
complex.

Weissmann (141) has shown that the resorption of the tail

during metamorphosis by Xenopus laevis larvae, which in the normal con
dition is associated with lysosomal enzymes, is markedly accelerated by
hypervitaminosis A.

Chung and Houck (142) recently found that the

hexosamine, hence mucopolysaccharide, content of the skin of hypervitaminotic rats was significantly lower than that of untreated control rats.
They reported that the initial effect of hypervitaminosis A on the
connective tissues appeared to be a loss of hyaluronic acid and chondroitin sulfate.

However, jLn vivo investigations have not been numerous

or conclusive enough to conclude that the effects of hypervitaminosis A
which occur _in vitro also take place in the living animal.
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Statement of the Problem
Both lathyrogenic agents and excessive vitamin A exert marked
effects upon the behavior of the periosteum and epiphyseal plates of
rats.

Although the morphological changes which occur in lathyrism and

hypervitaminosis A are well known, the basic lesions of the tissues
effected have not been determined.

However, defects of some of the

same connective tissue components apparently result in these two
conditions.

Some of the changes of the connective tissues of the

periosteum and epiphyseal plates which occur in lathyrism and hyper
vitaminosis A are similar and some are dissimilar.

Therefore, one

condition may alter connective tissue lesions of the other, either
augmenting or decreasing the changes, if both lathyrism and hyper
vitaminosis A are produced in animals at the same time.
The purpose of this investigation was to (1) determine if the
exostosis which develops at the adductor longus-pectineus insertion in
lathyric rats is altered by hypervitaminosis A, (2) compare the sites
of periosteal proliferation, osteoclastic activity and endosteal bone
formation in lathyric and non-lathyric rats given excessive vitamin A
and (3) compare the effect of hypervitaminosis A on epiphyseal plate
maturation in lathyric and non-lathyric rats.

CHAPTER II

MATERIALS AND METHODS
Seventy-two male albino rats of the Holtzman strain were used for
this study.

They were divided into nine groups as summarized in Table I.

The rats were separately caged, weighed daily and maintained on a diet
of Purina Laboratory Chow and water ad libitum.

Lathyrism was induced

in the animals of groups II, IV and V by giving them water containing
beta-aminopropionitrile fumarate (BAPN)* at a concentration of 150 milli
grams per 100 milliliters of water.

The control animals of Group I and

hypervitaminotic A animals of Group III were given untreated water.

Two

different dosages of vitamin A were used to produce hypervitaminosis A in
the animals of groups III, IV and V.

Synthetic vitamin A palmitate **

was diluted with Mazola corn oil from its original concentration of one
million international units (I.U.) per gram so that 0.1 milliliter
contained the desired dosages of 25,000 and 50,000 I.U. of vitamin A.
The vitamin A solutions were administered daily by stomach tube.
All of the rats used were 35 days of age at the onset of the
experiment.

The animals of groups Ila, IVa and IVb were killed at the

age of 42 days while the animals of the remaining groups were 49 days
old when they were killed.

The average weights of the animals of each

group at the beginning and end of the experiment are shown in Table II.

*Kindly supplied by Abbott Laboratories, North Chicago, Illinois.
**Purchased from Nutritional Biochemicals Corporation, Cleveland, Ohio.
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TABLE I
DESCRIPTION OF GROUPS OF ANIMALS USED

GROUP

DESCRIPTION OF TREATMENT

NUMBER
OF
ANIMALS

CONDITION

I

5

Ila

35 to 41 DAYS OF AGE

42 to 49 DAYS OF AGE

Untreated Control

Normal Laboratory Diet

Normal Laboratory Diet

7

Lathyrism

150 mg BAPN/100 ml Water

lib

10

Lathyrism

150 mg BAPN/100 ml Water

Ilia

8

Hypervitaminosis A

Normal Laboratory Diet

25,000 I.U. Vitamin A/Day

m b

8

Hypervitaminosis A

Normal Laboratory Diet

50,000 I.U. Vitamin A/Day

IVa

7

Lathyrism Plus
Hypervitaminosis A

150 mg BAPN/100 ml Water;
25,000 I.U. Vitamin A/Day

IVb

7

Lathyrism Plus
Hypervitaminosis A

150 mg BAPN/100 ml Water;
50,000 I.U. Vitamin A/Day

Va

10

Lathyrism Plus
Hypervitaminosis A

150 mg BAPN/100 ml Water

150 mg BAPN/100 ml Water;
25,000 I.U. Vitamin A/Day

Vb

10

Lathyrism Plus
Hypervitaminosis A

150 mg BAPN/100 ml Water

150 mg BAPN/100 ml Water;
50,000 I.U. Vitamin A/Day

150 mg BAPN/100 ml Water
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TABLE II
AVERAGE WEIGHTS OF ANIMALS USED
AVERAGE WEIGHTS OF ANIMALS (grams)
GROUP
35 Days of Age
I

42 Days of Age

49 Days of Age

91

133

Ila

109

125

lib

100

110

116

Ilia

84

117

125

m b

97

136

133

IVa

113

123

IVb

121

117

Va

96

108

102

Vb

101

117

102

162

The untreated control rats of Group I were fed the normal
laboratory diet throughout the experiment.

Two of the Group I animals

were given 0.1 milliliter of corn oil daily for 7 days as a control
measure.

The Group Ila lathyric rats were given BAPN for 7 days and

the Group lib lathyric rats were given BAPN for 14 days.

The hyper-

vitaminotic A rats of Group III were maintained on the normal laboratory
diet until they were 42 days old.

Group Ilia rats were then given

25,000 I.U. of vitamin A per day for 7 days and Group Illb rats were
given 50,000 I.U. of vitamin A for 7 days.

Lathyrism and hypervitaminosis

A were produced simultaneously in the animals of Group IV.

The rats in
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Group IVa were given BAPN and 25,000 I.U. of vitamin A for 7 days while
Group IVb rats were given BAPN and 50,000 I.U. of vitamin A for the same
period of time.

Group V animals were made lathyric prior to the adminis

tration of vitamin A.

Animals of both Groups Va and Vb were given BAPN

for the first 7 days of the experiment.

During the last 7 days of the

experiment the treatment with BAPN was continued and Group Va rats
received 25,000 I.U. of vitamin A per day while Group Vb rats were
given 50,000 I.U. of vitamin A per day.
To determine the quantity of BAPN received by the animals of
groups II, IV and V, the amount of water consumed by each animal treated
with BAPN was recorded daily.

The average daily dosages received by

the rats of these groups are shown in Table III.

TABLE III
AVERAGE DAILY BAPN DOSAGES

GROUP

AVERAGE BODY WEIGHT
FOR EXPERIMENTAL
PERIOD (grams)

AVERAGE DAILY
BAPN CONSUMPTION
(milligrams)

AVERAGE DAILY BAPN
CONSUMPTION/lOO GRAMS
BODY WEIGHT (milligrams)

Ila

118

46

39

lib

114

48

42

IVa

118

55

47

IVb

119

56

47

Va

106

45

42

Vb

111

44

40

The rats were killed with ether and an autopsy was performed on
each animal.

The right rear appendages were removed and placed in
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Bouin-Hollande fixative.

The remainder of the carcasses were

preserved in 10 per cent formalin for further study.

The right rear

appendages were fixed in Bouin-Hollande fixative for 72 hours and
then decalcified in 5 per cent ethylenediaminetetraacetic acid (EDTA).
The middle one-third of the femurs, which includes the insertion of the
adductor longus and pectineus muscles, and the proximal one-third of the
tibias were then dehydrated in alcohol, cleared with chloroform and in
filtrated and embedded in Tissuemat (melting point 56.5°C).
cross-sections of the femurs were cut at 7 microns.

Serial

Every twelfth

section was mounted on albuminized slides and stained with Masson's
trichrome stain. The adjacent sections were likewise mounted on
albuminized slides and stained with Harris' hematoxylin and picroeosin.

Representative sections of some of the Group lib femurs, which

appeared to contain areas of cartilage in the adductor longus-pectineus
exostosis, were stained with toluidine blue.

Longitudinal sections of

the proximal portion of the tibias were cut at 10 microns and
representative sections were stained with Masson's trichrome stain.
Adjacent sections were stained with Harris' hematoxylin and picroeosin.

All sections were mounted in permount.
To determine the relative sizes of the exostoses of the animals of

the various groups, the sections of the femurs of each animal which were
found to have the largest area of the adductor longus-pectineus insertion
or exostosis were photographed at the same magnification and printed on
the same weight paper at the same magnification.

The portions of the

photographs showing the areas of the insertions or exostoses were then
cut out and weighed.

CHAPTER III

RESULTS

I.

GROSS OBSERVATIONS AND AUTOPSY EXAMINATION
The untreated control animals of Group I appeared healthy and

remained active throughout the experiment.

The two rats given 0.1

milliliter of corn oil per day also remained in good condition and
resembled the untreated rats in every respect.

The Group I animals

continued to grow steadily, gaining an average of five grams per day
(Figure 1).

Examination of the viscera revealed no abnormalities.

Because the relationships of certain muscles of the thigh to the
common insertion of the adductor longus and pectineus muscles will be
of importance in discussing some of the following observations, a photo
graph of the intact thigh muscles of an untreated control rat is shown
in Figure 6, Plate I.

It should be particularly noted that the vastus

medialis muscle comes into close association with the anterior, or
pectineus, side of the insertion and that the adductor magnus muscle
borders on the posterior, or adductor longus, side of the insertion.
The morphology of the adductor longus and pectineus muscles was found
to agree with the description given by Yeager and Hamre (42).

The

adductor longus muscle has a broad origin on the ventral margin of the
pubis.

As it is followed laterally toward the femur, it becomes pro

gressively narrower and ends in a short narrow tendon which is inserted
on the femur, approximately in the middle of the postero-medial side of
the shaft.

The pectineus muscle also takes origin from the pubis, just
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Figure 1. Weight curves of experimental and control
animals. Average daily weight gain or loss for the rats
of the various groups (indicated by Roman numerals).
*
Vitamin A administration to animals of Groups Ilia and
Illb begun on day 7.
**
Group Ila animals sacrificed on day 7; Vitamin A
administration to animals of Groups Va and Vb begun
on day 7.

anterior to the origin of the adductor longus.

It may be artificially

divided into two parts, a lateral portion made up of short fibers which
insert directly on the postero-medial side of the proximal one-third of
the femur, and a medial portion which consists of long fibers which
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insert adjacent to the tendon of the adductor longus muscle on the
postero-medial side of the middle of the femoral shaft.

None of the

Group I rats exhibited any peculiarities of the periosteum at this
common insertion of the adductor longus and pectineus muscles, shown in
Figure 7, Plate I, as did the lathyric animals described below.
The lathyric rats of Group Ila, which were given BAPN for seven
days, appeared normally active and healthy for the duration of the
experiment.

However, after the beginning of BAPN administration they

failed to gain weight as rapidly as the untreated animals of Group I,
as indicated by the weight curves in Figure 1.

The viscera of the

Group Ila rats appeared normal with the exception that the lumbar
lymph nodes of two of the rats were slightly enlarged.

As shown in

Figure 8, Plate II, these animals had a definite white swelling of the
periosteum at the insertion of the adductor longus and pectineus muscles.
The Group lib lathyric animals were in generally good condition at
the termination of the experiment but they felt thinner when handled
compared to the Group I rats.

As is evident from the weight curve

(Figure 1), these rats gained weight very slowly after BAPN treat
ment was begun, gaining an average of only sixteen grams during the
fourteen days of BAPN administration.

They showed no signs of the

severe symptoms which occur in more advanced lathyrism, such as lameness
or grossly visable skeletal deformities.

The autopsy examination

revealed that seven of the Group lib rats had enlarged lumbar lymph
nodes but that the other viscera were normal.

As shown in Figure 9,

Plate II, a large, firm white mass was present at the adductor longus-

34

pectineus insertion of each animal of this group.
Hypervitaminosis A markedly retarded the growth of the animals
in Group III (Figure 1).

Three of the rats given 25,000 I.U. of

vitamin A per day (Group Ilia) lost weight and were in poor condition
at the end of seven days.

They were thin , had rough, dirty fur

and became less active than normal after four or five days of the
vitamin A treatment.

One rat of Group Ilia had sore eyes.

Only two

of the Group Illb animals, which were given 50,000 I.U. of vitamin A
per day, gained weight during the period of vitamin A administration.
As a group, these rats began to lose weight two days after vitamin A
administration was begun.

They also became thin, unkempt and inactive.

One rat developed sore eyes and the lumbar lymph nodes of two animals
were enlarged.

Inspection of the viscera and the periosteum at the

adductor longus-pectineus insertion of both Group Ilia and Illb animals
revealed no differences from the condition seen in the untreated control
rats other than the enlarged lymph nodes of the two rats noted above.
The bones of these animals appeared grossly normal but cut very easily
when the right rear appendages were removed from the carcasses of the
hypervitaminotic rats.
As was pointed out in the preceding chapter, lathyrism and hyper
vitaminosis A were developed simultaneously in the rats of Group IV.
The growth of the animals in Group IV was sharply reduced by the admin
istration of BAPN and vitamin A, the Group IVb rats losing weight steadily
after the second day of the treatment (Figure 1).

The rats given BAPN

and 25,000 I.U. of vitamin A daily (Group IVa) remained in fairly good
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condition but became less active as the BAPN and vitamin A treatments
were continued.

The Group IVb animals, which were given BAPN and

50,000 I.U. of vitamin A for seven days, became very thin and inactive.
Most of the Group IV animals walked as though their feet were tender
but no fractures were found upon examination of the bones of these
animals. Several of these rats had enlarged lumbar lymph nodes but
the other viscera appeared normal. The bones cut easily when the
appendages were removed.

The periosteum at the insertion of the

adductor longus and pectineus muscles was thickened in a manner
resembling the condition seen in the Group Ila lathyric rats but
usually not as much as in the Group Ila rats.

However, one animal of

Group IVb had a very large mass at the insertion of these muscles.
This exostosis, shown in cross-section in Figure 10, Plate III, was
the largest found in any rat used in this study.
Both lathyrism and hypervitaminosis A were also developed in the
rats of Group V.

Contrary to the method used for the Group IV animals ,

however, lathyrism induction was begun seven days prior to the begin
ning of vitamin A administration.

During the seven days of BAPN treat

ment the animals remained normal in appearance although their rate of
weight gain was slower than normal as indicated in Figure 1.

The

administration of excessive vitamin A in addition to the BAPN after the
seventh day of the experiment resulted in a progressive loss of weight,
also indicated in Figure 1, and a general degeneration of the health of
these rats.
fur.

They became thin and inactive and usually had rough, dirty

Several of these rats developed sore eyes by the fifth or sixth
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day of the vitamin A treatment and their hind limbs appeared to become
quite inactive and tender.

The symptoms were much the same in the rats

given 25,000 I.U. of vitamin A (Group Va) and those given 50,000 I.U.
of vitamin A (Group Vb) but slightly more evident in the Group Vb
animals.

Two of the Group Vb rats were found to have sustained

spontaneous fractures of the right femur.

The viscera appeared normal

in all of the Group V rats except that most of them had slightly to
definitely enlarged lumbar lymph nodes.

Exostoses had developed at

the adductor longus-pectineus insertion in all of the Group V animals.
However, the exostoses had a slightly different gross appearance than
those of the Group lib lathyric rats.

As shown in Figure 11, Plate III

and Figure 12, Plate IV, the exostoses of the Group V animals were
somewhat smaller and narrower.

No gross differences were noted between

the exostoses of the Group Va and Vb animals.

As was the case with

other rats receiving excessive vitamin A, the bones of the Group V rats
cut easily when the appendages were removed.

II.

HISTOLOGICAL OBSERVATIONS
Since the purpose of this investigation was to study the perios

teal and epiphyseal plate changes which occur in lathyrism and hypervitaminosis A, the results of the histological observations will be
presented in two parts.

The first part will be concerned with the

study of the periosteum and related structures.

In the second part

the epiphyseal plates of the animals of the various groups will be
considered.
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(1)

Periosteum of the Middle One-Third of the Femur
The histology of the normal periosteum of areas not serving for

the insertion of muscles and tendons conformed to the descriptions
given in textbooks of histology.

The periosteum consisted of two

layers, an outer fibrous layer of densely packed collagen fibers and a
few long flattened fibroblasts, and an inner cellular layer consisting
of numerous fibroblastic cells separated by a few relatively thin
collagen fibers.

The inner layer of the periosteum is the osteogenic

layer and immediately adjacent to the cortical bone was a single layer
of darkly stained fusiform and cuboidal osteoblasts.

Occasional small

osteoclasts, usually containing from three to six nuclei, were also
found adjacent to the cortical bone in various places.

Concentrations

of osteoclasts were found on the antero-lateral side of the femur
directly opposite the adductor longus-pectineus insertion at a level
just distal to this insertion.

This area of osteoclastic concentration

is shown in Figure 13, Plate IV and Figure 14, Plate V.

In contrast

to the fusiform and low cuboidal shape of the endosteal cells found
lining the inside of the femur in other areas, the endosteal cells in
the area of osteoclasis were taller and columnar in shape and stained
quite darkly.

This combination of increased numbers of osteoclasts and

apparently very active endosteal cells indicates that considerable
remodelling normally takes place at this level of the femur.
At the common insertion of the adductor longus and pectineus
muscles of the untreated control rats of Group I the periosteum was
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significantly thickened as shown in Figure 15, Plate V.

The thickening

of the periosteum at this point was due mainly to an increased number
of cells in the inner layer of the periosteum and the addition of
numerous large bundles of collagen fibers passing through the periosteum
from the muscles to attach to the bone as shown by the higher power
view of this area in Figure 16, Plate VI.

The cellular, but not the

fibrous, constituents of this thickening of the inner layer of the
periosteum continued for some distance on the adductor longus, or
posterior, side of the insertion.

On the pectineus, or anterior,

side the periosteum suddenly became thin and took on the appearance of
the general periosteum described above.
Study of the histological sections of the periosteum at the
insertion of the adductor longus and pectineus muscles of the animals
given BAPN showed that the periosteum had undergone the changes charac
teristic of lathyrism as described by other investigators.

However,

while the histology of these changes has been described in previous
reports, these reports have not taken into account differences seen in
various parts of the exostosis as one proceeds from the proximal toward
the distal end of the femur.

During the course of this study it was

noted that the adductor longus-pectineus exostosis may be divided into
proximal, central and distal portions or areas.

Because these three

portions of the exostosis each have characteristics important to this
study, each portion will be described here.

It must be pointed out,

however, that since these three portions of the exostosis represent
parts of one structure there is a gradual transition from one area to
the next.

The differences are presented and emphasized only to facili

tate further observations.
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It was pointed out in Chapter I, Introduction and Review of the
Literature, that Yeager and Gubler (43) described three zones in the
adductor longus-pectineus exostoses formed by the inner layer of the
periosteum of rats given BAPN for seven days.

These zones included an

outer zone of proliferating cells directly beneath the fibrous layer of
the periosteum, a middle zone containing accumulations of intercellular
material and relatively few cells, and a deep zone of immature bone
spicules and premarrow spaces next to the shaft of the femur.

Their

description was only of the central portion of the exostosis, however.
A study of serial sections of the adductor longus-pectineus exostoses
of the rats used in this investigation showed that these three zones
are not present in all parts of the exostoses.
A diagram of the proximal two-thirds of the femur and projection
drawings of sections from the proximal, central and distal portions of
an adductor longus-pectineus exostosis from a rat given BAPN for seven
days (Group Ila) are shown in Figure 2.

Photomicrographs of sections

from these three areas are also shown in Figure 17, Plate VI and
Figures 18 and 19, Plate VII.

The proximal portion of the exostosis was

located at a point serving only for the insertion of the pectineus
muscle and just proximal to the insertion of the adductor longus tendon.
At this level the exostosis was quite small and narrow.

A section

through this portion of the exostosis showed that it consisted of two
zones, an outer zone of proliferating periosteal cells located just
beneath the fibrous layer of the periosteum and an inner zone of bone
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Figure 2. Diagram of a posterior view of the proximal twothirds of the right femur and semidiagramatic projection drawings
of transverse sections from the proximal (A), central (B) and
distal (C) portions of an adductor longus-pectineus exostosis
from a rat given BAPN for seven days. New bone spicules are shown
in black. AL, adductor longus tendon; CB, cortical bone; GT,
greater trochanter; I, zone of intercellular material; LT, lesser
trochanter; P, medial portion of the pectineus muscle; TT, third
trochanter; ZP, zone of proliferation.

spicule formation next to the cortical bone.

The zone of proliferation

thus formed a narrow cresent-shaped layer of cells and fine collagen
fibers between the fibrous layer of the periosteum and the deeper zone
of bone formation, whereas the newly formed bone spicules separated the
zone of proliferation from the old cortical bone except at the edges of
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the exostosis where it became continuous with the inner layer of the
periosteum.

The zone of proliferation was more cellular and contained

less intercellular material than the corresponding area in the untreated
control animals as shown in Figure 20, Plate VIII.

As pointed out by

Yeager and Gubler (43), most of the cells of this zone appeared to be
somewhat larger than the cells seen in the periosteum at the insertion
of the adductor longus and pectineus muscles of the untreated control
animals and resembled less differentiated mesenchymal-like cells.

The

zone of bone formation was placed directly on the old cortical bone and
appeared as an extension of the cortical bone.

It consisted of fine

spicules of immature bone with a layer of osteoblasts on their surfaces.
The bone spicules were separated by vascular premarrow spaces.

A

higher power view of this zone is shown in Figure 21, Plate VIII.
The central portion of the exostosis was located at the common
insertion of the adductor longus and pectineus muscles and was the
portion of the exostosis with the greatest cross-sectional area.

At

this level all three of the zones described by Yeager and Gubler were
present.

The zone of proliferation was unchanged in position and make

up from the condition in the proximal portion of the exostosis.

The

constituents of the zone of bone spicule formation and its position were
also similar to the proximal portion of the exostosis but this zone was
now reduced to a very small area made up of fine bone spicules.

These

two zones were separated by the third zone, the zone of intercellular
material, which consisted predominantly of collagen fibers and ground
substance and relatively few cells (Figure 22, Plate IX).

Many
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osteoblasts were present about the ends of the bone spicules at the
junction of the zones of intercellular material and bone formation,
indicating that continued bone formation was taking place at this
point and extending the zone of bone formation.
The distal portion of the exostosis was located just distal to
the tendinous insertion of the adductor longus muscle.

The shape of the

exostosis, as seen in cross-section, was quite different from the more
proximal portions of the exostosis.

It was reduced considerably in

depth but not in width and consequently appeared relatively much wider.
As shown in Figure 2C and Figure 19, Plate VII, the distal portion of
the exostosis was made up of a zone of proliferation and a narrow zone
of intercellular material placed between the zone of proliferation and
the old cortical bone.
of the exostosis.

No new bone formation was found in this portion

The two zones which were present were similar to the

same zones found in the more proximal portions of the exostosis.
The periosteum in other areas of this portion of the femurs of the
Group Ila rats did not differ from the periosteum in corresponding areas
of the femurs of the Group I animals.
The adductor longus-pectineus exostoses of rats given BAPN for
fourteen days (Group lib) were much larger than the exostoses of the
Group Ila rats.

The increased size was due mainly to the addition of

large amounts of bone and intercellular material.

The proximal portion

of the exostosis consisted almost exclusevely of a zone of bone spicule
formation capped by a narrow zone of proliferation as shown in Figure
3A and Figure 23, Plate IX.

The histology and location of these zones
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was similar to that described in the exostoses of Group Ila animals
but the zone of bone formation was much more extensive, extending
almost to the fibrous layer of the periosteum at the sides of the exos
tosis.
Slightly more distally, at a level not yet to the central portion
of the exostosis, the exostosis consisted of the three zones described
above and commonly contained large plates or sheets of immature bone
(Figure 3B and Figure 24, Plate X).

These sheets of immature bone were

also present in the central portion of some exostoses, but not with
the consistency that they did at this level.

Considerable resorption

and remodelling of these plates of bone were occurring as evidenced by
concentrations of osteoclasts within the exostosis as shown in Figure
Plate X.

25,

Small accumulations of osteoclasts were also found on the

pectineus side of the exostosis at this level and at the level of the
central portion of the exostosis where the zone of bone formation
extended close to the surface (Figure 26, Plate XI).
The central portion of the exostosis, shown in Figure 3C and Figure
27, Plate XI, consisted of the three zones previously described.

A

narrow zone of proliferation and a large zone of intercellular material
made up over one-half of the exostosis.

As was the case in the exostoses

of the Group Ila animals, many osteoblasts were present at the junction
of the zone of intercellular material and the zone of bone formation.
The zone of bone spicule formation was also large and usually had a
distinctive distribution.

The bone spicules extended farther towards
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Figure 3. Diagram of a posterior view of the proximal two-thirds
of the right femur and semidiagramatic projection drawings of trans
verse sections from the proximal (A), central (C) and distal (D)
portions of an adductor longus-pectineus exostosis from a rat given
BAPN for fourteen days. A section just proximal to the central
portion of the exostosis (B) is also included to show the large
sheet of immature bone frequently found in the exostosis. New bone
spicules are shown in black. AL, adductor longus tendon; CB, cortical
bone; GT, greater trochanter; I, zone of intercellular material; LT,
lesser trochanter ; P, medial portion of the pectineus muscle; TT,
third trochanter; ZP, zone of proliferation.

the insertions of the muscles on the sides of the exostosis than in the
center of the exostosis, leaving a depression filled by the zone of
intercellular material.

The bone spicules were separated by premarrow

spaces and had a layer of osteoblasts on their surfaces as previously
described.
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The distal portion of the exostosis consisted of a zone of
fine bone spicules of new bone separated from the fibrous layer of the
periosteum by a narrow zone of proliferation (Figure 3D and Figure 28,
Plate XII).
level.

No zone of intercellular material was present at this

As was the case in the Group Ila animals, the distal portion

of the exostosis was reduced in depth but not in width and consequently
appeared to be very wide.
Viewed overall, it can be seen that the bony constituents of the
adductor longus-pectineus exostosis of a rat given BAPN for fourteen
days form a crater-like structure.

More bone is deposited at the per

iphery of the exostosis than in its center, leaving a depression filled
in the fresh state by the soft tissues of the zone of intercellular
material.

The quantity of new bone deposited in the exostoses of the

various animals of this group was somewhat variable, however.

The

largest, fastest growing exostoses contained relatively less bone and
more intercellular material but the positions and constituents of the
three zones were constant.

In some of the sections of the largest

exostoses stained with Masson's stain or hematoxylin and eosin small
areas in the region of the large sheets of bone resembled cartilage.
In the four largest exostoses these areas stained metachromatically
with toluidine blue and could definitely be identified as cartilage
(Figure 29, Plate XII).
While the periosteum in most other areas of this portion of the
femurs of the Group lib rats did not differ from the periosteum in
corresponding areas of the femurs of the Group I and Ila animals,
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several of the Group lib animals exhibited a slight change of the peri
osteum directly opposite the distal portion of the exostosis at the
same level as this portion of the exostosis and also at a level just
distal to the exostosis.

It was noted previously that increased activity

of osteoclasts and the endosteum was found in this area in the Group I
animals.

As shown in Figure 30, Plate XIII, in the Group lib rats the

periosteum at this site was somewhat thickened and contained more
osteoclasts than normal with evident resorption of the cortical bone
taking place.

Endosteal bone formation was also slightly accelerated

in this area of the femur.

Fine spicules of endosteal bone with a layer

of endosteal cells on their surfaces were present in this position in
several of the Group lib rats.
The periosteum at the insertion of the adductor longus and pectineus muscles of the Group III hypervitaminotic A rats was not altered
from that of the untreated control rats of Group I.

As shown in Figure

31, Plate XIII and Figure 32, Plate XIV, however, the area of remodelling
of the femur directly opposite this insertion at the same level as the
insertion and just distal to the insertion was altered.

The area of

osteoclastic concentration, resorption of the cortical bone and endosteal
bone formation was much more widespread than in the femurs of any of
the previously described groups.

Whereas this area of remodelling was

limited to the antero-lateral side of the femur in the rats of Groups I
and II, in the rats given excessive vitamin A it extended all the way
around the bone to the postero-medial side of the femur on the pectineus
side of the common adductor longus-pectineus insertion.

The periosteum
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was slightly thicker than normal and contained many osteoclasts
adjacent to the femoral shaft.

The cortical bone had undergone

considerable resorption but the thickness of the femur had been
maintained by the deposition of an equal amount of new endosteal bone
in the same area.

The new endosteal bone was not compact like

the old cortical bone.

It appeared as poorly calcified trabeculae,

increasing the porosity of the femur at this site.

The condition

was very similar in the rats given 25,000 I.U. of vitamin A per
day (Group Ilia) and those receiving 50,000 I.U. per day (Group Illb)
but slightly more pronounced in the Group Illb animals.

In some of

the Group Illb rats the old cortical bone had been almost entirely
resorbed in this area and replaced by endosteal bone.

As a result of

the trabecular nature of the endosteal bone formed, the femur in this
region appeared to be osteoporotic.
The changes characteristic of both lathyrism and hypervitaminosis
A were present in the femurs of the rats given BAPN and excessive vitamin
A simultaneously (Groups IVa and IVb).

No significant differences in

the effect oh the femur were found between the animals of Group IVa,
which were given BAPN and 25,000 I.U. of vitamin A per day for seven
days, and the animals of Group IVb, which were given BAPN
I.U. of vitamin A per day for the same period of time.
results from these two groups will be combined.

and 50,000

Therefore, the

With the one exception

noted below, when both BAPN and excessive vitamin A were administered
the effects of BAPN on the periosteum at the adductor longus-pectineus
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insertion tended to be inhibited while the effects of the excessive
vitamin A on the femoral shaft directly opposite this insertion were
magnified.
Compared to the exostoses of the Group Ila rats, which were given
only BAPN for a similar period of time, certain differences were found
in the exostoses of the lathyric-hypervitaminotic rats of Group IV.
The exostoses of the rats of Groups IVa and IVb were usually smaller
than the exostoses of the rats given only BAPN for seven days (Group Ila).
One of the major factors which determined the sizes of the exostoses was
the amount of new periosteal bone formed.

In respect to the quantity of

bone formed, the conditions seen in the proximal portion of the exosto
ses of the Group IV animals varied somewhat.

On the basis of this

variation, the proximal portion of the exostoses could be divided into
two types.

A few contained as much new bone, relative to the other

constituents of the exostosis, as the proximal portion of the exostoses
of the Group Ila animals but most of them contained no new bone or a
very slight amount of new bone.

Those containing relatively as much

new bone in the proximal portion of the exostoses as the exostoses of
the Group Ila rats very closely resembled the proximal portion of the
exostoses from the Group Ila rats, consisting of a zone of proliferation
and a zone of bone spicule formation (Figure 33, Plate XIV).

Both zones

were smaller than these zones in a corresponding area of an exostosis
from a Group Ila rat as the entire exostosis was reduced in size.

In

the exostoses which contained no new bone or a slight amount of bone
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in the proximal portion of the exostosis, the area occupied in the
Group Ila rats by a zone of bone formation was occupied by a zone of
intercellular material (Figure 34, Plate XV).

The cellularity of the

Group IV exostoses containing relatively as much new bone as the
exostoses of the Group Ila animals was very similar to the condition
in corresponding areas of the Group Ila exostoses.

On the contrary,

the Group IV exostoses which contained little or no new bone were less
cellular than the Group Ila exostoses.

The zone of proliferation of

these exostoses was reduced to a very small area and fewer osteoblasts
were present in the area next to the cortical bone where one would
expect to find the zone of bone formation in the lathyric rats
(Figure 35, Plate XV).
The central portion of the exostoses of the Group IV rats was
similar in all animals of this group, usually consisting of only a
zone of proliferation and a zone of intercellular material as shown
in Figure 36, Plate XVI.

In contrast to the exostoses of the Group Ila

rats, usually no zone of bone spicule formation was found in this
portion of the exostoses of the Group IV animals.

When new bone

formation had occurred in this portion of the exostoses of these rats
it was limited to occasional very fine spicules.

The distal portion of

the exostoses of the Group IV animals was similar to the distal portion
of the exostoses of the plain lathyric rats of Group Ila, consisting of
a zone of proliferation and a zone of intercellular material.

However,

as was the case in the proximal portion of the exostoses of the Group IV
rats, if the exostosis was less cellular than Group Ila exostoses in
the proximal portion, it was less cellular in the central and distal
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portions as well.
The area of increased osteoclastic activity, resorption of the
cortical bone and endosteal bone formation of the femur directly opposite
the adductor longus-pectineus insertion of the Group IV animals also
differed from the condition in the previously described groups.

Similar

to the condition in the Group III rats, this area extended from the
antero-lateral side of the femur all the way around to the postero
medial side of the bone on the pectineus side of the adductor longuspectineus insertion.
distribution.

It was also more extensive in its longitudinal

Whereas this area of remodelling was limited to a position

opposite the distal portion of the exostosis and a level just distal to
the insertion or exostosis of the other groups, in Groups IVa and IVb
it extended as far proximally as a level directly opposite the proximal
portion of the exostosis.

As shown in Figure 33, Plate XIV, Figure 34,

Plate XV and Figures 36 and 37, Plate XVI, however, the remodelling was
comparatively slight at the level of the proximal portion of the exos
tosis and gradually became more intensive farther distally.

At a level

directly opposite the distal portion of several of the Group IV exostoses
the old cortical bone appeared to have been entirely resorbed and
replaced by endosteal bone.
As mentioned previously, one Group IVb animal had an uncommonly
large adductor longus-pectineus exostosis (Figure 10, Plate III).
exostosis was atypical in a number of respects.

This

For some unexplainable

reason the periosteum at the insertion of these muscles of this rat had
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undergone a tremendous proliferation.

Consequently, all portions of

this exostosis possessed a very large zone of proliferation.

The zone

of intercellular material was also slightly more cellular than the usual
condition.

Unlike the situation in most other Group IV animals, the

formation of new bone was not retarded.

The zone of bone spicule for

mation contained many osteoblasts and fine spicules of immature bone,
especially at the periphery of the exostosis.

The cells present in

this exostosis did not appear to differ from the cells of other exos
toses of this group but were simply present in greater numbers.

The

area of remodelling on the side of the femur opposite the exostosis was
no different from this same area in the other rats of Group IV.
The effect of hypervitaminosis A upon established lathyrism was
determined by the use of the Group V rats.

It will be recalled that

these animals were given BAPN for seven days prior to the beginning of
the administration of excessive vitamin A and that during the following
seven days the BAPN treatment was continued and the Group Va rats were
also given 25,000 I.U. of vitamin A per day while the Group Vb animals
were given 50,000 I.U. of vitamin A per day.

Several differences were

found between the adductor longus-pectineus exostoses of the Group V
animals and the rats of Group lib, which were given only BAPN for four
teen days.

The results obtained by the administration of either 25,000

I.U. or 50,000 I.U. of vitamin A per day in addition to the BAPN during
the last seven days of the experiment were very similar although some of
the effects of 50,000 I.U. were slightly greater.

Since the differences

between the Group Va and Vb exostoses were quantitative and not quali
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tative, these two groups will be considered together.

The instances in

which the higher dose of vitamin A caused greater effects will be
pointed out as they are described.
The exostoses of the Group V animals were almost always smaller
than the exostoses of the Group lib rats.

They were usually reduced

more in width than in depth and consequently appeared to have a dispro
portionately greater depth.

The reduction in size was slightly more

evident in the exostoses of the Group Vb rats.
In the proximal portion of the exostoses of the Group V rats the
most striking feature of the effects of excessive vitamin A was an
accumulation of osteoclasts on the anterior side of the exostosis where
the zone of bone formation extended close to the surface of the exostosis.
As shown in Figures 38 and 39, Plate XVII, the osteoclasts usually
formed a complete layer between the periosteum and the new bone.

The

osteoclasts found in this position were commonly larger than the osteo
clasts found in other positions in the previously described groups.
The osteoclasis was accompanied by resorption of the newly formed bone,
contributing to the narrowing of the exostosis.

The zone of proliferation

•♦

of this portion of the exostosis was also altered from the condition in
the Group lib animals.

As shown in Figure 40, Plate XVIII, it was

usually reduced to a small area and appeared to be less cellular than
the corresponding zone of a Group lib exostosis.
The greatest alteration in the overall appearance of the exostosis
by excessive vitamin A was found in the central portion of the exostosis.
The osteoclasis and resorption of bone on the pectineus side of the
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exostosis were most intensive at this level.

As shown in Figure 41,

Plate XVIII, the new bone in this area had been deeply resorbed and
consequently the zones of proliferation and intercellular material had
been ‘'undermined", resulting in a deep groove on this side of the
exostosis.

Accumulations of osteoclasts also commonly occurred on the

adductor longus side of the exostosis at this level but usually not in
as great numbers as on the pectineus side of the exostosis and the bone
had not undergone as much resorption on the adductor longus side.

As

was the case in the proximal portion of the Group V exostosis, the zone
of proliferation was usually reduced to a small area and was less cellu
lar than in the Group lib rats.

In some of the exostoses of the Group

V animals the zone of proliferation was interrupted in some places and
the zone of intercellular material extended all the way to the surface
of the exostosis (Figure 42, Plate XIX).

The zone of intercellular

material, also shown in Figure 42, Plate XIX, was similar to the same
zone in a Group lib exostosis but usually contained fewer cells.

In

proportion to the other constituents of the exostosis, the zone of bone
formation did not appear to be extensively reduced in size but rela
tively fewer osteoblasts were present in this zone.

The concentration

of osteoblasts present at the junction of the zone of intercellular
material and zone of bone formation in the exostoses of the plain
lathyric animals usually did not occur in the Group V exostoses.

In

some exostoses osteoclasts were present at the junction of the zones of
intercellular material and bone formation (Figure 43, Plate XIX).
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The appearance of the distal portion of the Group V exostoses,
shown in Figure 44, Plate XX, was largely unchanged from that of the
Group lib rats, consisting of a zone of proliferation and a zone of
bone spicule formation.

As in the proximal and central portions of the

exostosis, the zone of proliferation was less cellular and fewer osteo
blasts appeared to be present in the zone of bone formation than in the
Group lib rats.

These exostoses inconsistently had a small concentration

of osteoclasts on the anterior side of the exostosis at this level but
little resorption of the new bone had occurred at this level and the
shape of this portion of the exostosis was not altered.
The area of accelerated remodelling of the femur directly opposite
the adductor longus-pectineus exostoses of the Group V rats was similar
in its distribution to the condition found in Group IV.

The increased

osteoclasis, resorption of the cortical bone and endosteal bone formation
extended from the antero-lateral side of the femur to the postero-medial
side of the bone on the pectineus side of the adductor longus-pectineus
insertion and was present at all levels of the exostosis and at a level
just distal to the exostosis.

The remodelling was particularly intensive

at the more distal levels and consistently more intensive in the Group
Vb rats than those of Group Va.

Immediately distal to the exostosis,

especially in the animals of Group Vb, the remodelling extended almost all
the way around the bone, the old cortical bone had undergone complete
resorption in some places and had been replaced by very porous endosteal
bone (Figure 45, Plate XX).

It was mentioned previously that two of the

Group Vb rats had suffered spontaneous fractures of the femur.

In both
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rats the site of fracture, shown in cross-section in Figure 46, Plate
XXI, was slightly distal to the adductor longus-pectineus exostosis.
The entire periosteum at this level was somewhat thickened, the cortical
bone had been completely resorbed and replaced by porous endosteal bone
in most places.

This weak bone had apparently simply collapsed at the

site of fracture.
A better indication of the effects of BAPN or excessive vitamin A,
and the combined effects of BAPN and excessive vitamin A, on the size
and overall configuration of the periosteum at the adductor longuspectineus insertion may be obtained from a comparison of the periosteal
areas which were cut from photomicrographs and weighed.

The weights of

these photomicrographs of the periosteal areas of the individual animals
of each group are shown in Table IV.

A photograph of the periosteal

areas which were cut from photomicrographs of the cross-sections of the
femurs having the greatest cross-sectional area of the adductor longuspectineus insertion or exostosis is shown in Figure 4 and indicates the
relative size and shape of this periosteal area of each animal.

The

average weights of the photomicrographs of this area of each group of
animals is shown by the graph in Figure 5.

It can be determined from

this graph that the periosteal thickening at the adductor longuspectineus insertion was slightly smaller in the Group III animals than
in the Group I animals.

It can also be determined from this graph that

excessive vitamin A generally inhibited the growth of the adductor longuspectineus exostoses in Groups IVa, Va and Vb.

Although the graph

indicates that excessive vitamin A enhanced the growth of the exostoses
of the Group IVb rats, the opposite was true in all animals of this
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TABLE IV
WEIGHTS OF PERIOSTEAL AREAS CUT FROM PHOTOMICROGRAPHS

GROUP

ANIMAL

WEIGHT*
(milligrams)

GROUP

ANIMAL

I

SR17
SR25
SR63
SR43
SR 9

60
60
57
51
49

IVa

Ila

SR16
SR42
SR30
SR41
SRI9
SR35
SR 4

271
137
124
111
111
108
79

SR74
SR58
SR62
SR7 5
SR61
SR60
SR59

154
102
94
83
79
70
68

IVb

SR10
SR28
SR38
SR40
SR I
SR39
SR31
SR32
SR 6
SR 3

586
489
459
453
438
414
328
291
237
217

SR67
SR69
SR71
SR70
SR68
SR73
SR7 2

610
155
155
117
100
69
68

Va

SR29
SR76
SR22
SR77
SR13
SR27
SR51
SR12

59
55
52
45
45
35
34
32

SR52
SR56
SR21
SR54
SR46
SR37
SR 8
SR 5
SR36
SR26

390
372
281
239
216
207
191
175
168
104

Vb

SR15
SR78
SR11
SR20
SR14
SR23
SR7 9
SR47

59
55
50
49
48
48
42
35

SR44
SR53
SR 2
SR57
SR55
SR24
SR18
SR 7
SR34
SR33

350
305
229
219
195
193
164
150
113
110

lib

Ilia

Illb

WEIGHT*
(milligrams)

Weight of periosteal area cut from photomicrographs of the largest
section of the thickened periosteum or exostosis at the adductor
longus-pectineus insertion.
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Figure 4. Periosteal areas cut from photomicrographs of the largest
sections of the thickened periosteum or exostoses at the adductor longuspectineus insertion.
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Figure 5. Average weights of the periosteal areas cut from the
photomicrographs of the largest section of the thickened periosteum
or exostoses at the adductor longus-pectineus insertions of the nine
groups of animals used.

group with the exception of the one case previously described.

Because

of the uncommonly large size of this one exostosis, the average weight
of the cut-out periosteal area of the Group IVb exostoses is misleading.
If the one atypical exostosis were excluded, the average weights of
this periosteal area of Groups IVa and IVb would be almost identical.
This is indicated by the dotted line drawn in the bar representing the
average weights of the periosteal areas of Group IVb in the graph in
Figure 5.
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(2)

Proximal Epiphyseal Plate of the Tibia
The proximal epiphyseal plates of the tibias of the Group I control

rats presented an appearance similar to the descriptions of epiphyseal
plates given in textbooks of histology.

For the purposes of this de

scription, the terminology of Ham and Leeson (143) will be used.

As

shown in Figure 47A, Plate XXI, the epiphyseal plate consisted of four
zones.

Immediately adjacent to the bone of the epiphysis was a narrow

zone of resting cartilage made up of chondrocytes scattered irregularly
throughout the cartilage matrix.

The second zone, the zone of young

proliferating cartilage cells, consisted of closely packed flattened
cells arranged in regular rows or columns of cells.

Each column usually

contained from ten to twelve flattened cells separated from each other
by a thin capsule.
cartilage matrix.

The columns of cells were separated by bands of
The zone of proliferating cartilage cells was fol

lowed by the third and widest zone, the zone of maturing cartilage cells.
These cells were also arranged in regular columns, which were continu
ations of the columns of cells of the preceding zone, separated by bands
of cartilage matrix.

The maturing cells nearest the zone of prolifer

ating cells closely resembled the latter, being somewhat flattened and
small.

Farther from the proliferating cells the maturing cells became

progressively larger and more rounded.

The maturing cells located

farthest from the proliferating cells were very large hypertrophic cells
containing large cytoplasmic vacuoles and very light staining nuclei.
Due to crowding of these very large cells, the orderly columnar arrange
ment was slightly less evident in this portion of the epiphyseal plate.
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Between the hypertrophic cells and the bone of the diaphysis was the
fourth zone of the epiphyseal plate, the zone of calcifying cartilage.
This zone was very narrow, being from one to three cells wide.
the cells of this zone were dead and contained no nuclei.

Most of

Since only

decalcified material was used in this experiment, the calcium phosphate
present in the cartilage matrix of this zone could not be demonstrated.
The administration of BAPN for seven days to the Group Ila rats
had caused slight alterations of the epiphyseal plates.

As shown in

Figure 47B, Plate XXI, the epiphyseal plates of the Group Ila rats were
about the same width as those of the Group I animals.

The various zones

were also of normal proportions but the cells were not always arranged
in orderly columns as they were in the epiphyseal plates of the Group I
rats.

The loss of the orderly columnar arrangement had not occurred in

the entire epiphyseal plate, however.

In some areas the normal appear

ance had been maintained but the epiphyseal plate of each animal of this
group contained areas in which the columnar arrangement had been affected.
A loss of the columnar arrangement of the cells had occurred to a slight de
gree in the zone of proliferating cartilage cells and was especially
evident at the junction of the zone of proliferating cells and the zone
of maturing cartilage.

The more mature portion of the zone of maturing

cartilage containing the hypertrophic cells and the zone of calcifying
cartilage had undergone little change and appeared to be very similar
to the corresponding portions of the epiphyseal plates of the Group I
animals.

The amount of interstitial matrix was usually greater in the

epiphyseal plates of the Group Ila rats than in the Group I rats.

This
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was particularly noticable in the zone of proliferating cells and the
portion of the zone of maturing cells adjoining the zone of proliferating
cells.

The quantity of matrix was not increased in the area containing

the hypertrophic cells.
The proximal tibial epiphyseal plates of the rats given BAPN
for fourteen days (Group lib) differed from the epiphyseal plates of the
Group I animals in several respects.

As shown in Figure 47C, Plate XXI,

they were invariably wider than the Group I epiphyseal plates and in
contrast to the uniform width of the epiphyseal plates of the Group I
animals the width of each Group lib epiphyseal plate usually varied
somewhat from one area to another (Figure 48, Plate XXII).

The zone of

proliferating cells was usually no wider than the corresponding zone in
the Group I rats but the width of the zone of maturing cells was often
greatly increased.

The zone of calcifying cartilage was commonly re

duced in width to no more than one layer of cells and relatively few
of the non-nucleated cells typical of this zone were present.

In some

places the hypertrophic maturing cells extended all the way to the bone
of the diaphysis and the zone of calcifying cartilage appeared to be
absent.

Most of the Group lib epiphyseal plates were very disorganized

with a loss of the regular columnar arrangement of the cells in the zone
of proliferating cells and zone of maturing cells, especially the latter.
More interstitial matrix was present throughout the epiphyseal plates
of the Group lib rats than in those of the previously described groups.
Large accumulations of intercellular material were found occasionally
(Figure 49, Plate XXII) and tearing and slipping of the epiphyseal
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plates had occurred in three of the rats about the junction of the
zone of proliferating cells and the zone of maturing cells (Figure 50,
Plate XXIII).
The general appearance of the epiphyseal plates of the hypervitaminotic A Group III animals was similar to the appearance of the epi
physeal plates of the Group I rats.

The cells were arranged in orderly

columns and the width of each epiphyseal plate was uniform from one
area to another.

However, as shown in Figure 47D and 47E, Plate XXI,

they were narrower then the Group I epiphyseal plates and the epiphyseal
plates of the Group Illb rats were narrower than those of Group Ilia.
The narrowing appeared to be due to an equal reduction of all portions
of the epiphyseal plate because the four zones were present in the same
relative proportions as in the Group I animals.
The effects of both lathyrism and hypervitaminosis A were evident
in the epiphyseal plates of the rats given BAPN and excessive vitamin A
for seven days (Figures 47F and 47G, Plate XXI).

The individual epi

physeal plates were not uniform in width but were generally narrower
than normal.

Very little difference was found between the width of the

epiphyseal plates of the Group IVa and IVb rats, although the latter
were usually slightly narrower.

Varying degrees of disorganization of

the epiphyseal plates, with a loss of the regular columnar arrangement
of cells, had occurred in both Groups IVa and IVb.

Tearing at the

junction of the zone of proliferating cells and the zone of maturing
cells had also occurred in the epiphyseal plates of several of the rats
in both groups.

Small areas of very marked damage were found in a few

of the Group IVb epiphyseal plates.

These areas, as shown in Figure 51,
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Plate XXIII and Figure 52, Plate XXIV, had apparently undergone severe
tearing.

In the most severe cases hemorrhage had occurred at these

sites, the cartilage had almost entirely disappeared and had been re
placed by a fibrous connective tissue containing numerous immatureappearing fibroblastic cells.
Very striking changes had occurred in the epiphyseal plates of the
rats given BAPN for the first seven days of the experiment and BAPN plus
either 25,000 I.U. of vitamin A per day (Group Va) or 50,000 I.U. of
vitamin A per day (Group Vb) during the next seven days of the experi
ment.

These epiphyseal plates were not always uniform in appearance

from one area to another.

As shown in Figures 47H and 471, Plate XXI,

the effects of both BAPN and excessive vitamin A were present.

The

regular columnar arrangement of the epiphyseal plates was disorganized,
more matrix was present and tearing of the plate had occurred as was the
case in the plain lathyric animals and the epiphyseal plates were nar
rowed in a manner similar to the condition in the Group III rats.

In

addition to these changes, however, various sized portions of the
epiphyseal plates of these animals appeared to be in various stages of
a destructive or degenerative process.

This process was definitely

more intensive in the Group Vb animals.
The individual epiphyseal plates of the Group Va rats were some
what variable but also exhibited changes common to all of them.

As just

mentioned, they were narrower than the epiphyseal plates of the Group I
rats.
tions.

They were also disorganized, especially in the least mature por
The zone of proliferating cells was often greatly reduced in
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width and the cells occurred in groups separated by a large amount of
cartilage matrix.

The zone of maturing cartilage was also disorganized

but did not contain as much interstitial matrix as the zone of prolif
erating cells.

In some areas of these epiphyseal plates the disorgan

ization was very advanced and the normal structure had been completely
destroyed.

In some cases these areas closely resembled the badly damaged

portions of the Group IVb epiphyseal plates shown in Figure 51, Plate
XXIII and Figure 52, Plate XXIV but the damage was usually more severe
than in the Group IVb animals.

Hemorrhage and replacement of the car

tilage by fibrous connective tissue containing immature-appearing cells
had taken place at these sites and numerous large osteoclasts were
present between the remnants of cartilage and the bone of the diaphysis
(Figure 53, Plate XXIV and Figure 54, Plate XXV).
The greatest alterations of the epiphyseal plates from the normal
condition were found in the Group Vb animals.
were very disorganized.

These epiphyseal plates

The orderly arrangement of the cells had been

disturbed in all zones, more interstitial matrix was present in relation
to the number of cells and the epiphyseal plates had become yery narrow.
Various degrees of narrowing had occurred and in one animal the epi
physeal plate had become entirely closed (Figure 55, Plate XXV).

The

cartilage of this closed epiphyseal plate had been replaced by incom
pletely calcified fibrous tissue.

Many osteoclasts were present at the

junction of the obliterated epiphyseal plate and the bone of the di
aphysis and accelerated endosteal bone formation had occurred on the
epiphyseal side of the closed plate.

Damaged or degenerative areas

similar to those already described in the Group Va epiphyseal plates
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were present in most of the Group Vb epiphyseal plates.

As shown in

Figures 56 and 57, Plate XXVI, the epiphyseal plates in these areas
had been completely replaced by fibrous connective tissue.

In the

Group Vb animals this area was less hemorrhagic and more cellular but
in other respects appeared to be very similar to the condition in the
Group Va animals.

CHAPTER IV

DISCUSSION

The responses of the periostea and epiphyseal plates of the animals
used in this experiment to the administration of either BAPN or excessive
vitamin A were typical.

Other symptoms which were noted in the lathyric

animals, such as enlargement of the lumbar lymph nodes and retarded growth,
are also typical of lathyrism.

Likewise, the retarded growth rate

or weight loss of the rats given excessive vitamin A are typical symptoms
of hypervitaminosis A.

Therefore, the conditions of the animals of

Groups II and III were comparable to those of rats used in other
studies and these animals served as adequate controls for the study of
the combined effects of BAPN and excessive vitamin A in the Group IV
and V rats.
While the artificial division of the adductor longus-pectineus
exostosis into proximal, central and distal portions was undertaken to
simplify the descriptions of the Group IV and V exostoses, it also
indicates something about the relationships of the insertions of the
adductor longus and pectineus muscles to the periosteum at this site.
Hamre and Yeager (44,45) clearly demonstrated that the pull of these
muscles is a necessary factor in the formation of the exostosis.

While

the central portion of the exostosis is obviously influenced by the pull
of both the adductor longus and pectineus muscles, this is less obvious
in the proximal portion of the exostosis since it was described as being
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located at a point serving directly only for the insertion of the medial
division of the pectineus muscle.

The proximal portion is probably also

influenced by the adductor longus, however, because it is located at the
periphery of the area of concentrated pull by this muscle.

The distal

portion of the exostosis is under the influence of the adductor longus
for the same reason but seems quite unrelated to the pectineus.
The deposition of more new bone at the edges than in the center of
the exostoses of rats given BAPN for fourteen days and consequent for
mation of a crater-like structure by the bony constituents of the exos
toses was previously noted by Yeager and Hamre (42) in both histological
preparations and dried skeletons of lathyric rats.

This distribution of

the new bone could be related to the proximity of the periphery of the
exostosis to the osteogenic cells of the unthickened periosteum adjacent
to the insertion of the adductor longus and pectineus muscles.

Ollerich

(144) found that in the exostoses formed in lathyric rats the periosteal
cells become of an immature type in the zone of proliferation, then go
through a process of differentiation in the zone of intercellular material
and finally become osteoblasts or marrow cells in the zone of bone for
mation.

Consequently, the osteoblasts must develop by a roundabout

process in the center of the exostosis whereas numerous osteoblasts are
readily available at the edges of the exostosis.
At least one of the reasons for the decreased size of the exostoses
of the Group IV and V animals appears to be inhibited proliferation and
differentiation of the cells when excessive vitamin A is given in
addition to BAPN.

The zone of proliferation and number of osteoblasts
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were definitely reduced in the exostoses of these animals.

As a result

of the decreased cellularity, less intercellular material and bone had
been formed leading to smaller exostoses.

The underlying cause of the

decreased cellularity is not clear, however.

Conflicting reports have

been cited regarding a proliferative response of the periosteum in hypervitaminosis A.

According to Strauss (120), fewer osteoblasts are present

at the sites of retarded bone formation of rats given excessive vitamin
A.

Wolbach and Bessey (122), on the contrary, reported that one of the

early effects of hypervitaminosis A is periosteal proliferation and an
increased number of osteoblastic cells in the periosteum.

The cellularity

of the periosteum in areas other than the adductor longus-pectineus
insertion of the animals given excessive vitamin A in this study was
never decreased and at the sites of accelerated resorption the periosteum
had been slightly thickened by proliferation of the cells.

Since BAPN

causes a proliferation of the periosteal cells at the insertion of the
adductor longus and pectineus muscles, one would expect a greater pro
liferation when both BAPN and excessive vitamin A are administered if
the cellular processes affected by these two agents were similar.

The

results of this experiment offer evidence that the effect of BAPN and
excessive vitamin A on the periosteal cells are basically dissimilar.
On the basis of BAPN consumption, a greater response of the peri
osteum could also be expected in some of the lathyric-hypervitaminotic
rats.

Geiger, Steenbock and Parsons (17) found that diets containing

higher percentages of Lathyrus odoratus caused a more severe response
of the periosteum of rats than the diets containing a lower percentage.
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Although the Group V rats drank about the same amount of water, and
consequently received the same average daily dose of BAPN as the plain
lathyric rats, the Group IV animals drank more water and received about
ten per cent more BAPN than the plain lathyric rats and could be expected
to have larger exostoses than the Group Ila rats.

However, the exostoses

of the animals of both Groups IV and V were usually smaller than the ex
ostoses of rats receiving only BAPN for a comparable length of time.

For

some reason BAPN apparently has less effect on the periosteum when the
rat is also being given excessive vitamin A.

Excessive vitamin A can

obviously not be considered to be an agent offering protection against BAPN,
however, because hypervitaminosis A causes more drastic lesions than
does lathyrism.
The smaller size of the exostoses of the Group IV and V rats may
simply be due to the generally poor condition of the rats given excessive
vitamin A.

The thickening of the periosteum at the adductor longus-pec-

tineus insertion was smaller not only in the Group IV and V rats than in
the Group II rats but was also slightly smaller in the Group III hypervitaminotic A rats than in the untreated control rats of Group I.

Most

of the rats given excessive vitamin A lost weight, or were losing weight
at the termination of the experiment, or just maintained their weight.
Yeager et al. (145) reported that BAPN-treated rats which were made to
lose weight or just maintain their weight showed little or no exostosis
formation.

Therefore, diminished exostosis development in the Group IV

and V rats could be explained on the basis of weight loss.

A discrepancy

arises at this point, however, when another factor, the total body weight
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of the rats, is taken into consideration.

The thickening of the perios

teum at the insertion of the adductor longus and pectineus muscles in
the Group III rats was actually smaller than in the Group I rats but was
relatively slightly larger than in the Group I rats when the body weights
are considered.

The Group IV and V exostoses were both actually and

relatively smaller than the Group II exostoses.

In proportion to the

average terminal body weights, the average weights of the photomicro
graphs of the area of insertion of the muscles concerned in the Group
III rats were very slightly increased in comparison to those in the
Group I rats.

Whether or not the size of this periosteal area relative

to total body weight is significant in this study depends upon the major
reason for weight loss in the rats given excessive vitamin A.

Weight

loss could be due mainly to any one of several factors or a combination
of these factors including depletion of body fat, wasting of muscles,
loss of calcium salts from the bones, dehydration and simple decrease in
gastrointestinal contents due to a loss of appetite.

The site of great

est weight loss was not located in this study and it has not been deter
mined if total body weight, and the consequent relative size of the peri
osteum at the adductor longus-pectineus insertion, is more important than
the actual size of this periosteal area under the circumstances of the
present experiment.

Since no qualitative differences were noted between

the constituents of the exostoses of the rats given BAPN and excessive
vitamin A and those given only BAPN it appears that the com
bination of lathyrism and hypervitaminosis A does not basically alter
the response of the periosteum to BAPN.
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The area of concentrated osteoclasis and endosteal bone formation
on the antero-lateral side of the femurs of the Group I animals directly
opposite the adductor longus-pectineus insertion is a part of the normal
remodelling process of the growing bone, as pointed out by Wolbach (114).
The slightly accelerated remodelling at this site noted in the animals
given BAPN for fourteen days has not been reported previously.

A reason

for this increased remodelling can not be determined with certainty but
could be related to a change in the shape of the bone due to a redis
tribution of the tension exerted by the involved muscles as the exostosis
becomes larger.

This area would need to be studied in rats given BAPN

for a longer period of time to determine to what extent this remodelling
process is modified in lathyrism.
The administration of excessive vitamin A also accelerated the
process of remodelling on the antero-lateral side of the femur without
apparent alteration of the process in any other way.

In this respect,

the results of this experiment are in agreement with the report by
Wolbach (114) that hypervitaminosis A simply accelerates a normal process
The reason for the concentration of osteoclasts and resorption of bone
on the pectineus side of the Group V exostoses is also probably an
accelerated "normal'* lathyric response.

Small accumulations of osteo

clasts were found at this site in the rats given BAPN for fourteen days.
The condition was simply magnified in the lathyric rats given excessive
vitamin A for the last seven days of the experiment. Prom the location
of this area of remodelling of the exostosis it would appear to be associ
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ated with the pressure exerted on this area by surrounding muscles.

The

relationships of the muscles of this area to the adductor longus-pectineus
insertion were mentioned previously (Figure 6, Plate I).

Yeager and

Hamre (42) pointed out that the vastus medialis muscle is in intimate
contact with the insertion of the pectineus muscle and could conceivably
influence the shape of the exostosis by exerting pressure on this area.
The results of the present investigation support this view and show that
remodelling of the exostosis takes place at this site in plain lathyric
rats and that the process is accelerated when excessive vitamin A is
also administered.

Smaller accumulations of osteoclasts were incon

sistently found on the adductor longus side of the exostoses of the
Group V animals where the adductor magnus is in contact with the adductor
longus-pectineus insertion.

The adductor magnus is not in as intimate

contact with the insertion as the vastus medialis and does not exert
as much pressure on this area or influence the shape of the exostosis
as much.
Considering all aspects of the periosteal response in the lathyric,
hypervitaminotic A and lathyric-hypervitaminotic A animals, it appears
to the author that no basic relationship exists between the effects of
BAPN and excessive vitamin A on the periosteum.

The administration of

both agents did not result in an alteration of the lesions caused by
treatment with one or the other except in a secondary manner.
Before going on to a consideration of the combined effects of BAPN
and excessive vitamin A on the proximal epiphyseal plate of the tibias
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of the Group IV and V rats it is important to briefly recall the changes
caused by the administration of only BAPN or only excessive vitamin A.
It was pointed out above that the responses of the epiphyseal plate to
BAPN or excessive vitamin A, in the Group II and Group III rats resptively, were typical of lathyrism and hypervitaminosis A.
BAPN had relatively little apparent effect on the epiphyseal
plates in seven days.

The regular columnar arrangement of the cells

had been slightly disturbed and a little more interstitial matrix was
present but no severe damage had been done.

In the rats given BAPN for

fourteen days the condition was quite different.

The epiphyseal plates

had become very disorganized, generally much wider but not uniform in
width, and tearing had occurred in several of them.
The epiphyseal plates of the animals given excessive vitamin A for
seven days had become narrower but had not approached a condition which
could be considered closure.

In this respect the results of the investi

gation are not only in agreement with previous reports but could be
expected since excessive vitamin A was given for such a short period of
time and also because the epiphyseal plates of "normal" rats usually do
not close.

Other than becoming narrower, no apparent changes from the

normal condition had taken place in the epiphyseal plates of the Group III
animals.
It is noteworthy that BAPN and excessive vitamin A have opposite
effects on the overall structure of the epiphyseal cartilage.

BAPN

tends to widen the epiphyseal plate while excessive vitamin A narrows
it.

It was pointed out in Chapter I that^ according to Ramamurti and

Taylor (27,47,48) and Karnovsky (49), BAPN causes a widening of the
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epiphyseal plate because it blocks the maturation of the cartilage cells.
According to Wolbach (114), on the other hand, excessive vitamin A causes
a narrowing of the epiphyseal plate because it accelerates the maturation
process.

Hence, it is possible that BAPN and excessive vitamin A exert

their influence by affecting a common process in the epiphyseal cartilage
cells.
In order to illustrate the combined effects of BAPN and excessive
vitamin A it will be necessary to compare the epiphyseal plates of the
Group IV animals to those of Group Ila and the Group V epiphyseal plates
to those of Group lib.

It may first of all be pointed out that almost

without exception the epiphyseal plate lesions ascribable to BAPN or
excessive vitamin A had become more severe in the animals given both
agents.

However, the epiphyseal plates of the Group IV rats were nar

rowed no more than those of Group III and this must be mentioned as an
exception to the preceding general statement.
In contrast to the slight changes which had occurred in the epi
physeal plates of the rats given only BAPN for seven days (Group Ila),
severe damage had resulted from the administration of both BAPN and
excessive vitamin A for seven days (Group IV).

Lathyric lesions similar

to those found in the epiphyseal plates of rats given BAPN for fourteen
days, such as loss of uniformity in width, marked disorganization of the
regular columnar arrangement of the cells and tearing of the epiphyseal
plate, were found in the Group IV rats.

No changes approaching such a

degree of damage had occurred in the epiphyseal plates of any of the
Group Ila or Group III animals.

The major alteration had occurred in
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the lathyric response and it therefore appears that the response of the
epiphyseal plate to BAPN is augmented when excessive vitamin A is admin
istered simultaneously.

This suggests that the same process is effected

by BAPN and excessive vitamin A.
What may appear at first to be a strange response of the epiphyseal
plates in the Group IVb and Group V animals probably has a simple expla
nation.

It will be recalled that areas of apparently very severe damage,

with hemorrhage and invasion by immature connective tissue cells, were
present in the epiphyseal plates of several of the Group IVb and Group
V rats.

In some of these animals the epiphyseal cartilage had been

replaced by fibrous connective tissue at these sites.

It was decided

that this phenomenon could be explained as a reparative process.

The

epiphyseal plates had evidently become torn in these areas, a manifes
tation of lathyrism.

Hemorrhage and the presence of connective tissue

cells are explainable as a result of hypervitaminosis A since Wolbach
and Maddock (124) have pointed out that accelerated vascular penetration
occurs in the epiphyseal plates of animals given excessive vitamin A.
Not only the response to BAPN, but also the response to excessive
vitamin A was greater in the epiphyseal plates of the Group V rats than
in the other animals given vitamin A.

In fact, the increased response

of these epiphyseal plates to excessive vitamin A was one of the most
notable results of this experiment.

Several of the Group V epiphyseal

plates had become greatly narrowed and appeared to be on the verge of
closing, although only one had actually closed completely.

According
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to all previous reports, the epiphyseal plates of otherwise normal rats
given excessive vitamin A do not close.

The reader is reminded at this

point that the rats of Group V had been given BAPN for seven days prior
to the onset of excessive vitamin A administration.

Consequently, two

possibilities exist as reasons for the greater effect of vitamin A in
these animals.

Either BAPN had altered some component or process of the

epiphyseal plates so that excessive vitamin A elicited a more pronounced
response or the conbination of BAPN and excessive vitamin A greatly
accelerates maturation or degeneration of epiphyseal cartilage.

The

former is the view held by the present investigator for two reasons.
First of all, BAPN has the opposite effect and causes the epiphyseal
plate to become wider.

Second, the response to hypervitaminosis A was

not accelerated in the Group IV animals, in which the BAPN and vitamin
A treatments were begun at the same time.

In either case, however, it

is felt that the results of this experiment indicate that a relationship
exists between the process or processes of the epiphyseal plate which
are effected by BAPN and excessive vitamin A.
No direct evidence is provided by this experiment to indicate
which of the constituents or processes of the epiphyseal cartilage could
provide a common site for the action of BAPN and excessive vitamin A.
However, a reexamination of the literature shows that a possibility
exists.

A series of investigations by Dingle, Lucy and Fell (135-140)

have implicated a breakdown of the protein-mucopolysaccharide complex
as the basic lesion of hypervitaminosis A occurring in cartilage.
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Kennedy and Kennedy (63,64) have suggested that lathyrogenic agents
inhibit the formation of the complex between protein and mucopolysac
charides.

Assuming that the lesions of lathyrism and hypervitaminosis

A do involve this complex, the present study provides support for such
a conclusion.

Since the results of this investigation show that the

epiphyseal plate undergoes greater and more rapid changes when subjected
to combined treatment with BAPN and excessive vitamin A, they offer
indirect evidence that the protein-mucopolysaccharide complex is altered
in both lathyrism and hypervitaminosis A.
An alteration of mucopolysaccharide metabolism and synthesis has
been postulated as the basic connective tissue lesion in both lathyrism
and hypervitaminosis A.

Conflicting views have been expressed concerning

the mucopolysaccharide content of lathyric tissues but it is generally
agreed that mucopolysaccharides are reduced in hypervitaminosis A.

Fell

and coworkers (129,134) and Dingle, Lucy and Fell (135-140) have con
cluded that an unidentified proteolytic enzyme is involved in the break
down of the protein-mucopolysaccharide complex and release of acid
mucopolysaccharides from the tissues.

A relationship could exist between

lathyrism and hypervitaminosis A in this respect as well.
Additional studies are necessary to obtain direct and conclusive
evidence that a common connective tissue component or process is or is
not affected in lathyrism and hypervitaminosis A.

Future investigations

should include chemical, histochemical and autoradiographic determinations
of the mucopolysaccharide content of tissues from rats given both BAPN
and excessive vitamin A.

Since weight loss was a factor of undetermined
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importance in the present experiment, an attempt should also be made to
determine if the hypervitaminosis A syndrome can be induced in lathyric
rats with a small enough dose of vitamin A so that the animals do not
lose weight.

If the exostoses of rats which gain weight when given both

BAPN and excessive vitamin A are smaller than the exostoses of rats given
only BAPN, weight loss as a factor may be eliminated and the reduction in
size could be attributed directly to an effect by hypervitaminosis A.
BAPN administration coupled with treatment with proteolytic enzymes such
as collangenase, hyaluronidase and papain protease could also lend infor
mation concerning the mechanism by which lathyric

lesions develop.

CHAPTER V

SUMMARY

Striking changes of the periosteum and epiphyseal plates of rats
occur in lathyrism and in hypervitaminosis A.

Defects of some of the same

connective tissue components may result in these two conditions.

Con

sequently, these defects may be altered by the combined effects of BAPN
and excessive vitamin A if both lathyrism and hypervitaminosis A are
produced in rats at the same time.

It was the purpose of this investi

gation to (1) determine if the exostosis which develops at the adductor
longus-pectineus insertion in lathyric rats is altered by hypervitamino
sis A, (2) compare the sites of periosteal proliferation, osteoclastic
activity and endosteal bone formation in lathyric and non-lathyric rats
given excessive vitamin A and (3) compare the effect of hypervitaminosis
A on epiphyseal plate maturation in lathyric and non-lathyric rats.
Seventy-two young male albino rats were divided into the following
groups:

five untreated control rats (Group I), seven lathyric rats given

BAPN for seven days (Group Ila), ten lathyric rats given BAPN for four
teen days (Group lib), eight hypervitaminotic A rats given 25,000 I.U.
of vitamin A per day for seven days (Group Ilia), eight hypervitaminotic
A rats given 50,000 I.U. of vitamin A per day for seven days (Group Illb),
seven lathyric-hypervitaminotic A rats given BAPN and 25,000 I.U. of
vitamin A for seven days (Group IVa), seven lathyric-hypervitaminotic A
rats given BAPN and 50,000 I.U. of vitamin A per day for seven days
(Group IVb), ten lathyric-hypervitaminotic A rats given BAPN for seven
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days and BAPN plus 25,000 I-.-U. of vitamin A per day for the next seven
days (Group Va) and ten lathyric-hypervitaminotic A rats given BAPN for
seven days and BAPN plus 50,000 I.U. of vitamin A per day for the next
seven days (Group Vb).

BAPN was administered in the drinking water at

a concentration of 150 milligrams per 100 milliliters of water.

Vitamin

A, diluted in corn oil, was given by stomach tube.
An autopsy examination was performed on each animal immediately
after death.

Following the autopsy, the middle one-third of the right

femur, which includes the insertion of the adductor longus and pectineus
muscles, and the proximal portion of the right tibia of each rat were
removed and prepared for histological examination.
of the femurs were cut at seven microns.

Serial cross-sections

Every twelfth section was

stained with Masson's trichrome stain and the adjacent sections were
stained with hematoxylin and eosin.

Selected sections of the femurs of

some rats were also stained with toluidine blue.
of the tibias were cut at ten microns.

Longitudinal sections

Representative sections were

stained with Masson's trichrome stain and adjacent sections were stained
with hematoxylin and eosin.
The autopsy examination showed that the periosteum at the common
insertion of the adductor longus and pectineus muscles of the rats given
BAPN responded in a manner characteristic of lathyrism.

A white swelling

of the periosteum was located at the adductor longus-pectineus insertion
of the Group Ila rats and a large exostosis was present at this 2site in
the Group lib rats.

A swelling of the periosteum was present in the Group

IV rats but it was usually smaller than the swelling found in the Group
Ila rats.

Exostoses also occurred at the adductor longus-pectineus
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insertion of the Group V rats but these exostoses were generally smaller
and narrower than the Group lib exostoses.
Study of the sections of the femurs revealed that the adductor
longus-pectineus exostosis may be divided into proximal, central and
distal portions for descriptive purposes.

In the Group Ila rats the

proximal portion of the exostoses consisted of an outer zone of prolif
eration and an inner zone of bone formation; the central portion con
sisted of an outer zone of proliferation, a middle zone of intercellular
material and an inner zone of bone formation; the distal portion con
sisted of a zone of proliferation and a zone of intercellular material.
In the Group lib rats the proximal portion of the exostosis consisted of
a small outer zone of proliferation and a large inner zone of bone for
mation; the central portion consisted of all three zones which were
present in the central portion of the Group Ila exostoses; the distal
portion consisted of an outer zone of proliferation and an inner zone of
bone formation.

More bone was deposited at the edges than in the center

of the Group lib exostoses.

The bony constituents of the Group lib ex

ostoses thus formed a crater-like structure.

Most of the bone formed in

the exostoses was in the form of spicules of bone but large sheets of
immature bone and some cartilage were found in the most rapidly growing
Group lib exostoses.

Small concentrations of osteoclasts were present

in the areas containing sheets of immature bone and on the anterior side
of the Group lib exostoses.
The exostoses of the Group IV rats were of two slightly different
types.

In one type the proximal portion was similar to that of the Group

Ila exostoses, consisting of a zone of proliferation and a zone of bone
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formation.

In the second type the proximal portion contained no new bone

but consisted of a zone of proliferation and a zone of intercellular
material.

The central and distal portions of all Group IV exostoses

consisted of a zone of proliferation and a zone of intercellular material.
The cellularity was reduced in the Group IV exostoses containing no new
bone in any portion of the exostosis.
The three portions of the Group V exostoses consisted of the same
zones as corresponding portions of the Group lib exostoses.

Dense accum

ulations of osteoclasts were present on the anterior side of the proximal
and central portions of the Group V exostoses and resorption of bone in
this area caused a narrowing of the exostoses.

In the central portion of

the exostoses the osteoclasis and resorption of bone had resulted in a
deep groove on the anterior side of the exostosis.

The distal portion

of the Group V exostoses was similar to that of the Group lib exostoses.
An area of remodelling, with osteoclasis, resorption of cortical bone
and endosteal bone formation was located directly opposite the adductor
longus-pectineus insertion and at a level just distal to this insertion
on the antero-lateral side of the femurs of the Group I rats.

The remod

elling at this site was slightly greater in the Group lib rats and greatly
accelerated and extended in the Group III rats.

Combined treatment with

BAPN and excessive vitamin A in the Group IV and V rats further acceler
ated and extended the remodelling process.

In the Group IV and V rats the

cortical bone in this area had been almost entirely resorbed and replaced
by endosteal bone.

In two of the Group Vb rats the cortical bone had been

entirely resorbed at some points and spontaneous fractures had occurred.
The proximal tibial epiphyseal plates of the Group Ila rats were
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slightly disorganized, with a loss of the regular columnar arrangement
of the cells in some areas and an increased amount of interstitial matrix.
This epiphyseal plate of the Group lib rats was very disorganized.

The

orderly arrangement of the cells had been destroyed, more interstitial
matrix had accumulated, the epiphyseal plate was greatly widened due to
an increase in the width of the zone of maturing cells and tearing and
slipping of the epiphyseal plates had occurred in several of the Group
lib rats.

The epiphyseal plates of the Group III rats were much narrower

than normal but were not disorganized in any way.
Combined administration of BAPN and excessive vitamin A to the rats
of Groups IV and V resulted in severe damage to the proximal epiphyseal
plate of the tibia.

The Group IV epiphyseal plates were narrowed slightly

and quite disorganized, with a loss of the orderly arrangement of the
cells.
rats.

Tearing of the epiphyseal plate had occurred in several Group IV
In some of these rats the damage was very marked at some sites.

Hemorrhage and replacement of the epiphyseal cartilage by a fibrous con
nective tissue containing immature-appearing fibroblastic cells had oc
curred at these points.
altered.

The Group V epiphyseal plates were greatly

They had become very disorganized and were usually narrower

than the epiphyseal plates of any other Group of rats.

Several of the

Group Vb epiphyseal plates were extremely narrowed and the epiphyseal
plate of one rat had closed completely.

The cartilage of the closed

epiphyseal plate had been replaced by incompletely calcified fibrous
connective tissue.

Numerous osteoclasts were present at the junction

of the epiphyseal cartilage and bone of the diaphysis in the Group V
rats.

Areas of severe damage, with hemorrhage and replacement of the
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cartilage by immature-appearing connective tissue, were found in most
of the Group V epiphyseal plates.

These areas were similar to the

severely damaged areas noted in some of the Group IV rats but were
more commonly found and also more severe in the Group V epiphyseal
plates.
Although the periosteal changes ascribable to BAPN or excessive
vitamin A are slightly altered when these two agents are given together,
the effects of BAPN and excessive vitamin A on the periosteum appear to
be unrelated.

The administration of both agents did not result in al

terations of the periosteal changes caused by BAPN alone or excessive
vitamin A alone except in a secondary manner.

Since combined treatment

with BAPN and excessive vitamin A resulted in greatly accelerated and
increased damage to the proximal epiphyseal plate of the tibia, it is
suggested that BAPN and excessive vitamin A effect the same or closely
related components or processes of the epiphyseal cartilage.

CHAPTER VI

CONCLUSIONS

1.

The adductor longus-pectineus exostoses of rats given BAPN for seven
or fourteen days may be divided into proximal, central and distal
portions.

The proximal portion consists of an outer zone of pro

liferation and an inner zone of bone formation.

The central portion

consists of an outer zone of proliferation, a middle zone of inter
cellular material and an inner zone of bone formation.

The distal

portion of the exostoses of rats given BAPN for seven days consists
of an outer zone of proliferation and an inner zone of intercellular
material.

The distal portion of the exostoses of rats given BAPN

for fourteen days consists of an outer zone of proliferation and an
inner zone of bone formation.
2.

More bone is deposited at the edges than in the center of the adduc
tor longus-pectineus exostoses of rats given BAPN for fourteen days.

3.

The fastest growing adductor longus-pectineus exostoses of rats
given BAPN for fourteen days contain large sheets of immature bone
and small areas of cartilage.

4.

Small accumulations of osteoclasts commonly occur within the zone of
bone formation and on the anterior surface of the central portion of
the adductor longus-pectineus exostoses of rats given BAPN for four
teen days.

5.

The adductor longus-pectineus exostoses of rats given BAPN and excessive

85

86

vitamin A are usually smaller than the exostoses of rats given
only BAPN.
6.

Dense accumulations of osteoclasts and rapid resorption of bone
occur on the anterior side of the adductor longus-pectineus exos
toses of lathyric rats given excessive vitamin A.

7.

Osteoclasis, resorption of the cortical bone and endosteal bone
formation are remodelling processes normally occurring in young rats
on the antero-lateral side of the femur directly opposite and at a
level just distal to the adductor longus-pectineus insertion.

These

processes are slightly greater in rats given BAPN for fourteen days
and greatly accelerated and extended in rats given excessive vitamin
A for seven days.

Combined treatment with BAPN and excessive vitamin

A further accelerates and extends the remodelling processes at this
site.
8.

The proximal epiphyseal plates of the tibias of young rats are
slightly disorganized after seven days of BAPN administration and
become very disorganized, widened and damaged after fourteen days of
BAPN administration.

9.

The proximal epiphyseal plates of the tibias of young rats become
much narrower after seven days of excessive vitamin A administration.

10.

The proximal epiphyseal plates of the tibias of lathyric rats given
excessive vitamin A for seven days undergo marked alterations.
become very narrow, disorganized and severely damaged.

They

Hemorrhage

and replacement of the epiphyseal cartilage by immature-appearing
fibrous connective tissue frequently occur in the most severely dam
aged portions of the rats given both BAPN and excessive vitamin A.
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PLATE I
Explanation of Figures

Figure 6

Muscles of right thigh of a Group I untreated control rat.
AG, Anterior Gracilis; AL, Adductor Longus; AM, Adductor
Magnus; I, Iliacus; P, Pectineus; PG, Posterior Gracilis;
PM, Psoas Major; RF, Rectus Femoris; VM, Vastus Medialis.

Figure 7.

Adductor longus-pectineus insertion of a Group I untreated
control rat. AL, Adductor Longus; P, Pectineus.

PLATE II
Explanation of Figures

Figure 8.

Adductor longus-pectineus insertion of a rat given BAPN for
seven days (Group Ila). AL, Adductor Longus; P, Pectineus.

Figure 9.

Adductor longus-pectineus insertion of a rat given BAPN for
fourteen days (Group lib). AL, Adductor Longus;
P, Pectineus.

PLATE III
Explanation of Figures

Figure 10.

Transverse section of exceptionally large adductor longuspectineus exostosis from a Group IVb rat. I, zone of
intercellular material; NB, zone of new bone formation;
ZP, zone of proliferation. Hematoxylin and Eosin. X22.

Figure 11.

Adductor longus-pectineus insertion of a Group Va rat.
Compare the size and shape of the exostosis at this site
to the exostosis of the Group lib rat shown in Figure 9.
AL, Adductor Longus; P, Pectineus.

PLATE IV
Explanation of Figures

Figure 12.

Adductor longus-pectineus insertion of a Group Vb rat.
Compare the size and shape of the exostosis at this site
to the exostosis of the Group lib rat shown in Figure 9.
AL, Adductor Longus; P, Pectineus.

Figure 13.

Area of concentrated remodelling of the femur of a Group I
untreated control rat. This area is located directly
opposite the adductor longus-pectineus insertion at a
level just distal to the insertion. OC, osteoclasts;
E, Endosteum. Hematoxylin and Eosin. X108.

PLATE V
Explanation of Figures

Figure 14.

Higher power view of area of concentrated osteoclasis
shown in Figure 13. Hematoxylin and Eosin. x441.

Figure 15.

Transverse section of femur of a Group I untreated control
rat showing thickened periosteum at adductor longuspectineus insertion. Hematoxylin and Eosin. X22.

PLATE VI
Explanation of Figures

Figure 16.

Higher power view of periosteum at adductor longus-pectineus
insertion of a Group I untreated control rat. Hematoxylin
and Eosin. X108.

Figure 17.

Transverse section of femur at the level of the proximal
portion of the adductor longus-pectineus exostosis of a
rat given BAPN for seven days (Group Ila). NB, zone of
new bone formation; ZP, zone of proliferation. Masson
trichrome. X22.

PLATE VII
Explanation of Figures

Figure 18.

Transverse section of femur at the level of the central
portion of the adductor longus-pectineus exostosis of a
rat given BAPN for seven days (Group Ila). I, zone of
intercellular material; NB, zone of new bone formation;
ZP, zone of proliferation. Masson trichrome. X22.

Figure 19.

Transverse section of femur at the level of the distal
portion of the adductor longus-pectineus exostosis of a
rat given BAPN for seven days (Group Ila). I, zone of
intercellular material; ZP, zone of new bone formation.
Masson trichrome. X22.

PLATE VIII
Explanation of Figures

Figure 20.

Zone of proliferation of an adductor longus-pectineus
exostosis of a rat given BAPN for seven days (Group Ila).
Hematoxylin and Eosin. X441.

Figure 21.

Zone of new bone formation of an adductor longus-pectineus
exostosis of a rat given BAPN for seven days (Group Ila).
B, new bone spicule; OB, osteoblast; PM, premarrow space.
Masson trichrome. X441.

PLATE IX
Explanation of Figures

Figure 22.

Zone of intercellular material of an adductor longuspectineus exostosis of a rat given BAPN for seven days
(Group Ila). Hematoxylin and Eosin. X441.

Figure 23.

Transverse section of femur at the level of the proximal
portion of the adductor longus-pectineus exostosis of a
rat given BAPN for fourteen days (Group lib). NB, zone
of new bone formation; ZP, zone of proliferation. Masson
trichrome. X22.

PLATE X
Explanation of Figures

Figure 24.

Transverse section of femur of a Group lib rat at a level
of the adductor longus-pectineus exostosis containing large
sheets of bone (S). A higher power view of the outlined
area is shown in Figure 25. NB, zone of new bone formation;
ZP, zone of proliferation. Masson trichrome. X22.

Figure 25.

Higher power view of the portion of the adductor longuspectineus exostosis containing large sheets of bone to
show concentration of osteoclasts (OC) within the exostosis.
Masson trichrome. X108.

PLATE XI
Explanation of Figures

Figure 26.

Area of concentrated osteoclasis on the pectineus side of
the central portion of adductor longus-pectineus exostosis
of a rat given BAPN for fourteen days (Group lib). OC,
osteoclasts. Masson trichrome. X108.

Figure 27.

Transverse section of femur at the level of the central
portion of the adductor longus-pectineus exostosis of a
rat given BAPN for fourteen days (Group lib). I, zone
of intercellular material; NB, zone of new bone formation;
ZP, zone of proliferation. Masson trichrome. X22.

PLATE XII
Explanation of Figures

Figure 28.

Transverse section of femur at the level of the distal
portion of the adductor longus-pectineus exostosis of a
rat given BAPN for fourteen days (Group lib). NB, zone
of new bone formation; ZP, zone of proliferation. Masson
trichrome. X22.

Figure 29.

Area of a Group lib exostosis containing cartilage (C)
at the junction of the zone of intercellular material
(I) and the zone of new bone formation (NB). Toluidine
blue. X108.

PLATE XIII
Explanation of Figures

Figure 30.

Area of slightly increased remodelling of the femur of
Group lib rat at a level directly opposite the distal
portion of the adductor longus-pectineus exostosis.
Compare with Figure 13, a similar area from the femur
of a Group I rat. E, endosteum; 0C, osteoclasts.
Masson trichrome. X108.

Figure 31.

Transverse section of femur of a Group III rat at the
level of the adductor longus-pectineus insertion. A
higher power view of the outlined area is shown in
Figure 32. Masson trichrome. X22.

PLATE XIV
Explanation of Figures

Figure 32.

Higher power view of area outlined in Figure 31. Note that
the old cortical bone (CB) has been almost entirely resorbed
and replaced by endosteal bone (EB). Compare with similar
areas from Group I and Group lib rats in Figures 13 and 30.
Masson trichrome. X108.

Figure 33.

Transverse section of femur at the level of the proximal
portion of a Group IV adductor longus-pectineus exostosis
containing a zone of new bone formation (NB). ZP, zone
of proliferation. Masson trichrome. X22.

PLATE XV
Explanation of Figures

Figure 34.

Transverse section of femur at the level of the proximal
portion of a Group IV exostosis containing no zone of new
bone formation. Note endosteal bone formation (EB).
Hematoxylin and Eosin. X22.

Figure 35.

Higher power view of a Group IV exostosis containing no
zone of new bone formation. I, zone of intercellular
material; ZP, zone of proliferation. Hematoxylin and
Eosin. X108.

PLATE XVI
Explanation of Figures

Figure 36.

Figure 37.

Transverse Section of femur at the level of the central
portion of a Group IV adductor longus-pectineus exostosis
EB, endosteal bone; I, zone of intercellular material;
ZP, zone of proliferation. Masson trichrome. X22.

Transverse section of femur at the level of the distal
portion of a Group IV Adductor longus-pectineus exostosis
EB, endosteal bone; I, zone of intercellular material;
ZP, zone of proliferation. Masson trichrome. X22.

PLATE XVII
Explanation of Figures

Figure 38.

Transverse section of femur at the level of the proximal
portion of the adductor longus-pectineus exostosis of a
Group V rat. A higher power view of the outlined area is
shown in Figure 39. NB, zone of new bone formation; ZP,
zone of proliferation. Hematoxylin and Eosin. X22.

Figure 39.

Higher power view of an area of the proximal portion of the
adductor longus-pectineus exostosis of a Group V rat to show
concentration of osteoclasts (OC) on the pectineus side of
the exostosis. Hematoxylin and Eosin. X108.

PLATE XVIII
Explanation of Figures

Figure 40.

Photomicrograph showing portions of zone of proliferation
(ZP) and zone of intercellular material (I) of a Group V
exostosis. Note the decreased cellularity of the zone of
proliferation compared to the condition in the exostosis
of a Group II lathyric rat shown in Figure 20. Hematoxylin
and Eosin. X441.

Figure 41.

Transverse section of femur at the level of the central
portion of the adductor longus-pectineus exostosis of a
Group V rat. Note the deep groove on the pectineus side
of the exostosis caused by rapid resorption of the new
bone at this site. EB, endosteal bone; I, zone of inter
cellular material; NB, zone of new bone formation; ZP,
zone of proliferation. Masson trichrome. X22.

PLATE XIX
Explanation of Figures

Figure 42.

Photomicrograph of a Group V exostosis showing reduced
zone of proliferation (ZP) and interruption of this zone
by the zone of intercellular material (I) at the site
indicated by the arrow. Masson trichrome. X108.

Figure 43.

Photomicrograph showing osteoclasts (OC) at the junction
of the zone of intercellular material (I) and zone of new
bone formation (NB) in a Group V exostosis. Hematoxylin
and Eosin. X108.

PLATE XX
Explanation of Figures

Figure 44.

Transverse section of femur at the level of the distal
portion of the adductor longus-pectineus exostosis of a
Group V rat. EB, endosteal bone; NB, zone of new bone
formation; ZP, zone of proliferation. Masson trichrome.
X22.

Figure 45.

Transverse section of femur at a level just distal to the
adductor longus-pectineus exostosis of a Group Vb rat.
Note that the old cortical bone (CB) has been almost
entirely resorbed at this level and replaced by endosteal
bone (EB). Masson trichrome. X22.

PLATE XXI
Explanation of Figures

Figure 46.

Transverse section of the femur of a Group Vb rat at the
site of a spontaneous fracture. Masson trichrome. X22.

Figure 47.

Comparison of the proximal tibial epiphyseal plates of the
various groups of animals used. Sections typical of each
group have been selected for this comparison. A, Group I;
B, Group Ila; C, Group lib; D, Group Ilia; E, Group Illb;
F, Group IVa; G, Group IVb; H, Group Va; I, Group Vb.
1, bone of epiphysis; 2, zone of resting cartilage; 3, zone
of proliferating cartilage; 4, zone of maturing cartilage;
5, zone of calcifying cartilage; 6, bone of diaphysis.
Hematoxylin and Eosin. X55.

PLATE XXII
Explanation of Figures

Figure 48.

Low power photomicrograph of the epiphyseal plate of a
Group lib rat to show that the width of the epiphyseal
plates of the animals of this group are not uniform.
Hematoxylin and Eosin. X22.

Figure 49.

Photomicrograph showing large accumulations of intercellular
material (IM) in the epiphyseal plate of a Group lib rat.
Hematoxylin and Eosin. X108.

PLATE XXIII
Explanation of Figures

Figure 50.

Photomicrograph showing tearing and slipping of the epiphyseal
plate of a Group lib rat. Hematoxylin and Eosin. X108.

Figure 51.

Area of severe damage, with hemorrhage and invasion by
immature fibroblastic cells, of the epiphyseal plate of
a Group IVb rat. A higher power view of this area is
shown in Figure 52. Hematoxylin and Eosin. X108.

PLATE XXIV
Explanation of Figures

Figure 52.

Higher power view of the area of severe damage of the
epiphyseal plate of a Group IVb rat shown in Figure 51.
Hematoxylin and Eosin. X441.

Figure 53.

Area of severe damage and replacement of the epiphyseal
cartilage of a Group Va rat by fibrous connective tissue.
Note the similarity of this area to a similar area of a
Group IVb rat shown in Figure 51 and the accumulation of
osteoclasts at the junction of the epiphyseal plate and
bone of the diaphysis. Hematoxylin and Eosin. X108.

PLATE XXV
Explanation of Figures

Figure 54.

Higher power view of the area shown in Figure 53.
Hematoxylin and Eosin. X441.

Figure 55.

Complete closure of the epiphyseal plate of a Group Vb rat.
The cartilage has been replaced by fibrous tissue. Note
the osteoclasts on the diaphyseal side of the closed plate
and the formation of endosteal bone (EB) on the epiphyseal
side of the plate. Hematoxylin and Eosin. X108.

PLATE XXVI
Explanation of Figures

Figure 56.

Figure 57.

Area of severe damage and replacement of the epiphyseal
cartilage of a Group Vb rat by fibrous connective tissue.
Compare with Figures 51 and 53. Hematoxylin and Eosin.
X108.

Higher power view of area shown in Figure 56. Compare with
Figures 52 and 54. Hematoxylin and Eosin. X441.
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Striking changes of the periosteum and epiphyseal plates of rats
occur in lathyrism and in hypervitaminosis A.

Defects of some of the same

connective tissue components may result in these two conditions.

Con

sequently, these defects may be altered by the combined effects of BAPN
and excessive vitamin A if both lathyrism and hypervitaminosis A are
produced in rats at the same time.

It was the purpose of this investi

gation to (1) determine if the exostosis which develops at the adductor
longus-pectineus insertion in lathyric rats is altered by hypervitamino
sis A, (2) compare the sites of periosteal proliferation, osteoclastic
activity and endosteal bone formation in lathyric and non-lathyric rats
given excessive vitamin A and (3) compare the effect of hypervitaminosis
A on epiphyseal plate maturation in lathyric and non-lathyric rats.
Seventy-two young male albino rats were divided into the following
groups:

five untreated control rats (Group I), seven lathyric rats given

BAPN for seven days (Group Ila), ten lathyric rats given BAPN for four
teen days (Group lib), eight hypervitaminotic A rats given 25,000 I.U.
of vitamin A per day for seven days (Group Ilia), eight hypervitaminotic
A rats given 50,000 I.U. of vitamin A per day for seven days (Group Illb),
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seven lathyric-hypervitaminotic A rats given BAPN and 25,000 I.U. of
vitamin A for seven days (Group IVa), seven lathyrie-hypervitaminotic A
rats given BAPN and 50,000 I.U. of vitamin A per day for seven days
(Group IVb), ten lathyric-hypervitaminotic A rats given BAPN for seven
days and BAPN plus 25,000 I.U. of vitamin A per day for the next seven
days (Group Va) and ten lathyric-hypervitaminotic A rats given BAPN for
seven days and BAPN plus 50,000 I.U. of vitamin A per day for the next
seven days (Group Vb).

BAPN was administered in the drinking water at

a concentration of 150 milligrams per 100 milliliters of water.

Vitamin

A, diluted in corn oil, was given by stomach tube.
An autopsy examination was performed on each animal immediately
after death.

Following the autopsy, the middle one-third of the right

femur, which includes the insertion of the adductor longus and pectineus
muscles, and the proximal portion of the right tibia of each rat were
removed and prepared for histological examination.
of the femurs were cut at seven microns.

Serial cross-sections

Every twelfth section was

stained with Masson's trichrome stain and the adjacent sections were
stained with hematoxylin and eosin.

Selected sections of the femurs of

some rats were also stained with toluidine blue.
of the tibias were cut at ten microns.

Longitudinal sections

Representative sections were

stained with Masson's trichrome stain and adjacent sections were stained
with hematoxylin and eosin.
The autopsy examination showed that the periosteum at the common
insertion of the adductor longus and pectineus muscles of the rats given
BAPN responded in a manner characteristic of lathyrism.

A white swelling
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of the periosteum was located at the adductor longus-pectineus insertion
of the Group Ila rats and a large exostosis was present at this site in
the Group lib rats.

A swelling of the periosteum was present in the Group

IV rats but it was usually smaller than the swelling found in the Group
Ila rats.

Exostoses also occurred at the adductor longus-pectineus

insertion of the Group V rats but these exostoses were generally smaller
and narrower than the Group lib exostoses.
Study of the sections of the femurs revealed that the adductor
longus-pectineus exostosis may be divided into proximal, central and
distal portions for descriptive purposes.

In the Group Ila rats the

proximal portion of the exostoses consisted of an outer zone of prolif
eration and an inner zone of bone formation; the central portion con
sisted of an outer zone of proliferation, a middle zone of intercellular
material and an inner zone of bone formation; the distal portion con
sisted of a zone of proliferation and a zone of intercellular material.
In the Group lib rats the proximal portion of the exostosis consisted of
a small outer zone of proliferation and a large inner zone of bone for
mation; the central portion consisted of all three zones which were
present in the central portion of the Group Ila exostoses; the distal
portion consisted of an outer zone of proliferation and an inner zone of
bone formation.

More bone was deposited at the edges than in the center

of the Group lib exostoses.

The bony constituents of the Group lib ex

ostoses thus formed a crater-like structure.

Most of the bone formed in

the exostoses was in the form of spicules of bone but large sheets of
immature bone and some cartilage were found in the most rapidly growing
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Group lib exostoses.

Small concentrations of osteoclasts were present

in the areas containing sheets of immature bone and on the anterior side
of the Group lib exostoses.
The exostoses of the Group IV rats were of two slightly different
types.

In one type the proximal portion was similar to that of the Group

Ila exostoses, consisting of a zone of proliferation and a zone of bone
formation.

In the second type the proximal portion contained no new bone

but consisted of a zone of proliferation and a zone of intercellular
material.

The central and distal portions of all Group IV exostoses

consisted of a zone of proliferation and a zone of intercellular material.
The cellularity was reduced in the Group IV exostoses containing no new
bone in any portion of the exostosis.
The three portions of the Group V exostoses consisted of the same
zones as corresponding portions of the Group lib exostoses.

Dense accum

ulations of osteoclasts were present on the anterior side of the proximal
and central portions of the Group V exostoses and resorption of bone in
this area caused a narrowing of the exostoses.

In the central portion of

the exostoses the osteoclasis and resorption of bone had resulted in a
deep groove on the anterior side of the exostosis.

The distal portion

of the Group V exostoses was similar to that of the Group lib exostoses.
An area of remodelling, with osteoclasis, resorption of cortical bone
and endosteal bone formation was located directly opposite the adductor
longus-pectineus insertion and at a level just distal to this insertion
on the antero-lateral side of the femurs of the Group I rats.

The remod

elling at this site was slightly greater in the Group lib rats and greatly
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accelerated and extended in the Group III rats.

Combined treatment with

BAPN and excessive vitamin A in the Group IV and V rats further acceler
ated and extended the remodelling process.

In the Group IV and V rats the

cortical bone in this area had been almost entirely resorbed and replaced
by endosteal bone.

In two of the Group Vb rats the cortical bone had been

entirely resorbed at some points and spontaneous fractures had occurred.
The proximal tibial epiphyseal plates of the Group Ila rats were
slightly disorganized, with a loss of the regular columnar arrangement
of the cells in some areas and an increased amount of interstitial matrix.
This epiphyseal plate of the Group lib rats was very disorganized.

The

orderly arrangement of the cells had been destroyed, more interstitial
matrix had accumulated, the epiphyseal plate was greatly widened due to
an increase in the width of the zone of maturing cells and tearing and
slipping of the epiphyseal plates had occurred in several of the Group
lib rats.

The epiphyseal plates of the Group III rats were much narrower

than normal but were not disorganized in any way.
Combined administration of BAPN and excessive vitamin A to the rats
of Groups IV and V resulted in severe damage to the proximal epiphyseal
plate of the tibia.

The Group IV epiphyseal plates were narrowed slightly

and quite disorganized, with a loss of the orderly arrangement of the
cells.
rats.

Tearing of the epiphyseal plate had occurred in several Group IV
In some of these rats the damage was very marked at some sites.

Hemorrhage and replacement of the epiphyseal cartilage by a fibrous con
nective tissue containing immature-appearing fibroblastic cells had oc
curred at these points.
altered.

The Group V epiphyseal plates were greatly

They had become very disorganized and were usually narrower

then the epiphyseal plates of any other Group of rats.

Several of the
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Group Vb epiphyseal plates were extremely narrowed and the epiphyseal
plate of one rat had closed completely.

The cartilage of the closed

epiphyseal plate had been replaced by incompletely calcified fibrous
connective tissue.

Numerous osteoclasts were present at the junction

of the epiphyseal cartilage and bone of the diaphysis in the Group V
rats.

Areas of severe damage, with hemorrhage and replacement of the

cartilage by immature-appearing connective tissue, were found in most
of the Group V epiphyseal plates.

These areas were similar to the

severely damaged areas noted in some of the Group IV rats but were
more commonly found and also more severe in the Group V epiphyseal
plates.
Although the periosteal changes ascribable to BAPN or excessive
vitamin A are slightly altered when these two agents are given together,
the effects of BAPN and excessive vitamin A on the periosteum appear to
be unrelated.

The administration of both agents did not result in al

terations of the periosteal changes caused by BAPN alone or excessive
vitamin A alone except in a secondary manner.

Since combined treatment

with BAPN and excessive vitamin A resulted in greatly accelerated and
increased damage to the proximal epiphyseal plate of the tibia, it is
suggested that BAPN and excessive vitamin A effect the same or closely
related components or processes of the epiphyseal cartilage.

